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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

gfie 1. forenerst anfor forene frere siorterfimar smerar

(Overview of Geology and Geotechnical Engineering)

fawg fAreo=h (Course Outcome)
co1-feaen uRfRdmed freiiash enfor frsiefarea siftmifea qayd I ar] &
Rrsia Rrgror ufvoma (Theory Learning Outcomes)
TLO 1.1 AFRY ST & forefietioiie Hgwd Y B,
TLO 1.2 feoiedn YR A= SARITaR SMUTRA avfidd B,
TLO 1.3 SiYHTH Hfed WU HIcid Hegwd Gxifdd.
TLO 1.4 AWK SfftiEw e fSeicioamd sift@ifAdiear Hgwrd YA
1.1.1 fSrenaisiar uR=d (Introduction to Geology):
gedteT ST fag,
o gdtear Yoo, 99, 3Tdiid fdham =T Sifor Sfagramn URY &,
g Sohid SATIOT JUROT SfoT fafqy gyum= aftredi faqwa Huaran
o g Hifde S99 T $Rard.
g UCiferm onfdr dieswr ad g, die ST R IR e R Afor
IARITI HRUIT T Dl
1.1.2 fSTaNaisiean AT (Branches of Geology):

1. Yfa® Hﬁiﬂq (Physical geology)
{&[ﬁ?ﬂq (Geomorphology)
G fa (Mineralogy)
a@ﬁﬁﬂ (Petrology)
vfaeie Hfﬁﬂ:[ (Historical geology)
IRIATHD ﬂﬂ%ﬁﬂq (Structural geology)
& IRED Qﬂ%ﬁﬂ:[ (Economic geology)
iRt Wﬂ%ﬁlﬂ (Engineering geology)
Tﬂﬂmﬁﬁaﬂ (Geo informatics)
1. ?-ﬁﬁﬁ? YfA (Physical geology): d Y= fafdy ggummea Rreeara Iah, fawma
3fr sifey AR gaed Sftr @Rl Y9 SEE. § 9R, UR$HY, dguR arofl, b,
SATARTRE SO Yeh T AR Wi Tsiei-! Fofaciedn HiardT SnarT TR,
2. Y1 fIFT (Geomorphology): @ Teaa SIfiH=aT gEHFTAT afRmedieh grdred Sfftr
e faHT, TaA1, ST 10T ddia Sed YHIAy HRd. I Udd, HaH, Wew, ot S
SR 30T e S W yrar fad ™ i e 3y Jifdy Sie.
3. Wil fAFM (Mineralogy): @ [, g, Te=taxu, o Sftr arRmn
31T gTclTos .

© © N O VA~ W
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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

4. UgIdiell (Petrology): d fafdy U R= WeHi= MM 31U HRdld, &id geT
UGd, Il a1, §1de, TRaHT, YA A1 Hinferds faaro.

5. SfagTRI® Yfa= (Historical geology): 1 WS®H YA MUl YUMR gudi=ar YdamTesT=
ST 3NATY FHRATd. AT TASSTSuTs], Uasherars i Kieumm! Jmfay sie. §
ST 31fOT ST o, Qratasia e araie SieTdid gard SMfor sia od.

6. TAATHS® YfAFH (Structural geology): d a3, Tffeul, fawrma HRUT Snfdr
WFSHTHT YEHTTAT RIS dRreeaizlt Tefdd Sar T4 UdaT 1A ddld. IRaTH®
IR Wi, T 3MfYT Sig 3R,

7. anfd® 'ﬁlﬁ?lﬂ (Economic geology): d E[%Eﬂ?ﬂ I S gaied WA i Wedh
30T AERfiET 3O HRdld o AHdrA] BN dikd §i3 Wdhd. aid Ugiferd,
DB, B TS, "9 arg 30T I8, die AT ZRITH TREHAT T4 YT Wi-ol g
Ribad], 3rsifRieg, TIARM IO IS WA Ty 3iTed.

8. SifygifA®t ‘;lﬁ?lﬁ (Engineering geology): IR SifEifA®T eardta ﬂ-ﬂaﬂFﬂﬂT
3T 31O ATORTET Uy graresdl. fife! e wiF, fSgH, die™, SRR 3for
YU TlaR GRUMH FHRUR YIS e araRal FRIeR0 HRuagmMme! it
IR YA axdian aTR TR,

9. ‘f’ﬁ?[ wﬁﬁw (Geo informatics): & fas< SM1f01 G=RIM 88 o ?;E'ﬁ?[ ?;E'ﬁ?[
BIEIE], BRI, Sy, Stergey o g enfor sfiet st wmar
YIRS Gt faq uramyd gideiar faerg Sffor arurd.

1.1.3 fSrenaieia ve@ (Importance of Geology):
o YRCCH WEU JHGH YUl YOI Hgwrd e A des Hgwrl
IRA-Te! UraT Wil Hufa sxoard ded sl
o YHIRATE Yedi=ar YRUNTRATS Wbl UIH THSH 901 3awad 38 o
YU UieRIY TR fSSmg xuarins)
o RU| JT SATCINTS! Hald A7 WIge MYl YT Hewdd 3R,
o YT & 10T Faifera Reanfoi ufsrda Yde Hewrd! YHHT Soad.
o TNEH IG UH U YO HEw@d 318 HRUT d WSHIAl ey 30T AT
St qoremfaga Arfed! TaH Hq.
o TS BRI Wicard! H=d el Wi ST HfaTH Hewar 3R
114 T{@?ﬁ XYl (Composition of Earth):
gt 3% WRIGR el 31T, e ATaTeH -1 3Te:
A.hIC (Crust):

Maharashtra State Board of Technical Education 2



Geotechnical Engineering forenefdae siomtarfi (314315)

UT3e 3T SHfee AR Riferhe WeHTUNH §9dd Ja afd dlesid R, e Jgdd
B.H<d (Mantle):
el Wiall dal AR olig 0T AR 99 Rifciere WeHUgA s+ dd 3. Heaqdl
C.HI3R (Core):
e 3O Fdberan saar gedten gafd Sl PR, HRAY T %9 §16] HR 318 S gedt
DT &F TIR B! ATV Th G 3MTclid DR 3Tg.
D. dIdTdRUT (Atmosphere):
Jegte gEHRTERI R, Ao, SHifaqe, Hie- SasiieEs, UuarT aryg Il 3av
CIPE CICES[]]
FT@WUT (Explanation):
o ¥ 31 AT Hred fAURBRR 994, O Tl WeHd gedd 3.
o T HTd QU WIS 3Mg AUl Id fddwdd Tedh JHIfAy offed o g
YaTgiHe gedrd.
o TGN ATATARUME! a1 GHAR 78% RIS, 20% 3Hifarror SATfOT 1% UToar=AT 9t
318, JAR 1% Pl SRS, T, TZey S s 3NfUr e+ IRET ¢4
CIRECER KR

Crust (solid)

Oceanic 18km
Continental $32km

200°C - 1000 ck

Lithosphere

\E 932°C - 1652°C m
Mantle (solld) 41Jo
Upper Mantle / 1600°C - 4000°C . m

Asthenosphere

o\
2%

Lower Mantle /
m

4,030°C-5,730°C

g0 ¥

Outer Core (liquid) !

Inner Core (solid)

Figure 1.1 q?IﬁEﬁFFﬂ
(i https://shorturl.at/IFtaW)
1.2.1 a@?ﬁ'ﬁﬁ (Petrology):
Ucldion g1 Tedhial 31N, Il o], Uid, 941 3101 d &Y daR 301 Seddrd. &l
YA Uep TR 3118 Sit @it fagmeft SiaegT efdd o
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Geotechnical Engineering forenefdae siomtarfi (314315)

1.2.2 IH ARSAT (Definition of a Rock):

TSP § WHold O THM 318 o "aRiBRaT gsdid. Tad U fdhal e JeiHeyd
TS 3Med o A9fife ufhaigR tes Ha Sram.

1.2.3 Jp qEffepvor @i Gﬂ?ﬂﬂ'\“lﬂ (& Uxd) (Classification of Rocks based on

their Genesis (Mode of Origin):
T UBRD WeHh 3Mgd: R, MesTe U1 TUdRd Weh,

v L n . ACHITh S

Eﬁf\’aﬂ? P (Igneous Rocks): \:_qT(_*I'IH@?QT Th el aaﬁ, HAT BUIdlid CARGREINN]
XA Fd AUHMER Al JEHRTAR dl. § [ddodd avgiM 48 dedFaR; d 99
IIHM §d STl T Ieh TOrdId.

GStHed T\I'ﬁ(Sedimentary Rocks): T/a9rd drofl, ari, a0, WUT SRS
BAMHMS, WA fdvdl T Wedh deaid 3Med 3Nl §obgay 4! fdval =T dear=il
YIS STHT BIATd. AT FHGR Tedhid! M dasc W8d UK.

AcHIbP 3P (Metamorphic Rocks): % TSPH &I'I%?l o dlgHM, qdid 3TIOT IS
TR U= YHTIRATC SO SHIfO1 defde Wsd R 3lgd. dIudM, GaTd ST IM™dh
TR HRATZ@, Wiel Uerd gHfse gy dxard, [dgd™ e 3 I-dT .
1.2.4.1 gﬁram A Faffeor (Classification of Igneous Rocks):

IR WS H AT i WAt T T Ui (@A fobeear=an SR 3iftr sgaigR Rufia
&l SIId) TR Fiifepd Pl ST, o HISAT THTNT WTeld YhRIA aiffdpd SR

i) WeIf-1® AP (Plutonic rocks): 8 TSP [dd@ad IIAM fohicdi®mRUN UhdgR TaR
gIdTd, TeUTeId W1 Jeate YEHITURE 35 Hiexue SRd @idiar. fohediaxor didl 318,
Je d IR U= fobeed dIR R, TUIod WelHdb .

ii) STAUTATAd 0P (Hypabyssal rocks): 8 W8db @l JEUNUNT AR 30 Hier
S{RTR T fohee el UfhdgR daR Bldld. Seie U8 s, SRid 4= foheed
TR BId1d of gUTad U [RA1 Slalal ATgl.

iii) AIePIP P (Volcanic rocks): § TSP 3Mgd ol [ddcddd agHM YSIGR TR
gIaTd, TeUTed GRdtAT YEHRTER fdhdl JU it WichaR T, Sl 48 ATedies, SRid U=
foried SaTargl Wedh WUH dUR Pl ST,

Maharashtra State Board of Technical Education 4



Geotechnical Engineering fSrsiefdee siomiteaT (314315)

1. @< Wﬁﬂ'\‘lﬂ sfeNT Ir@ed TATHRUT (Classification of Igneous Rocks by
Mineral Composition):

BT AT3e®): RiferpIH I (BT MU hes R ARSAT §aidh Hiid Gie)
SETERUI: IAISC FEday), Ralarse [igas)

Seuifsue (siefife®): witmias st sifipeia IREn @fHeig dqfoa Rifce
BSIEp]

STERUI: SUSRIZC (TXQ), SfSHET (THTH®)

e (@Rifee®): dg AT THIRMAHY g URRIfR ofr sifva= IR Tee
CIEE)

IGTERUT: sl (BXI&Y), S¥lee (VRISHE)

JAegTHIp®: v Sl R Il iy IRe e WiHeliar Juwd e
IqTeRUl: URSICIEE (F&U), PSS (THITH®)

2.7 ﬁ'ﬁ' gf?{am AHd Faffeor (Classification of Igneous Rocks by Texture):
TARfR® (@1 gFm): Gl e Jrearges dAiear exadH fbed

ISIeIUT: J15C

ABARD (B1g-I): §idg ST dgH fhar exaqH feed gt

ISTEXT: Sl

Tifthffes: IRIG-am AfcRmed TS dhad HIs fheed (Sg3d BHicT XT)

IeTeur: MfthRfesw Jrsarse

P 3T oidie U8 Feaes fheed MHd gl

ISI8IUT: SERIfSad

<RIPR: Y IS9S (@RyPd) AT 3med

JETERUI: Y, whifkal

URRIAIRE® (hiHed): SaTargdl qhadi- a-ad

JaleXul: cbv

1.2.4.2 3RS e AfHiHe! amuw (Engineering Uses of Igneous Rock):

(i) 31T GSHIT TR DHehIcHIS! ThAd TUH bl SIS, el

(i) d SIS T/RWIG BT IR OS> Uehd.

(iii) o TolTac =T HTAMTST RS ST V.

(iv) T STYBTAT TTURS SIS Whd

1.2.5.1 S Jpa ifwor (Classification of Sedimentary Rocks):

MR WDt Hes, T 10T Ui Menid avffgpd el o, o g fagme wee, dfea
gard fdvar Y auiq U Saed dase =l Saa- T fafifthe ey TarR gid.
1.5 BT (Classification by Origin):

A. RS (%@E?I) A I (Clastic (Detrital) Sedimentary Rocks):

Maharashtra State Board of Technical Education 5
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SR WS T Jhediiyd TR Had (FIRCY) Tha Rics

YUTATAT THRTAY Gﬂ'ilTﬁ?lﬂTﬁq"_d (Classified based on grain size):

U (MATHR FARC)/SRIAT (BT FARC)-ISb-UA

TSNS -ALH YT (YT TGS HTHRTY HU)

R =-BH-04 (Riee- HTHRIE HUI)

RId- TR IRID U= (HI1- BRI HUN)

B. VTIPS ST b (Chemical Sedimentary Rocks):

AU Wi-SlieaT UTOITgH daR e,

IEIEIU: TGS (HIeRGH HIEHC), SARCH (hIeRIaH HIRM™HA ®aHce), I (Rferar),
ST (G i b HiG SHTIOT foream)

c. dfgg (aﬂﬁﬁﬁﬁ AT I (Organic (Biogenic) Sedimentary Rocks):

e T ST AR TR Ao, S & 94 fdhdl UTudid 3{aRiy.

JSTERU: Hlosy (Hplad Taedl IERth), I (Y&H IRRT Siidid), SharRe FHeTe ([d
3HTfO1 debTa Jho)

2. UId qaffesror (Classification by Texture):

FATRED Ua: T U= fdval HUrig a-aia,

AH-FARe® UId: @ 3d, fhead fha arsiihcd RmHe st dfea
GSh e o)

3. Sifafvad faaR (Additional Considerations):

TTHROT: YT SMHR THHH]

AR YT fohcll BB HIS AT

RydeeE: 4= de+ IS THR

1.2.5.2 St Idd AP arR (Engineering Uses of Sedimentary Rocks):

(i) FMRCH 39 § S TSHME UHR g Sdrdl dIR diUHH Mg WU dhall SIS
RGN

(if) AT TR GSTS IS WWUH ol Sral 30T o TN Hifgd WU ¢uld aiiRd §1s»
.

(iii) AT T TP UBHRE dddc Tsdh 3ig Ul aR e grsEft onfor Rie TR
PRUGTITST el SIS, X,

iv) T 7T Ry IdTeATd T Uedhite! U TUH auRdl oS, Ydbdl.

1.2.6.1 AeHIbP Jdd ifHor (Classification of Metamorphic Rocks):

HeHITthe TSHH ATl Oid T FiHS Tg-aR STUTRT aiidd dbd STald, of ST,
aaTd 3T I Uiy seadrd.

1. T BT (Classification by Texture):

A. YT AcHITb® P (Foliated Metamorphic Rocks):

Maharashtra State Board of Technical Education 6



Geotechnical Engineering fSrsiefdee siomiteaT (314315)

TWie: BIg--I4, Uldes edsd faUrTe Siid (RISTIRE)
fiparge: wicuarn urer iR, =t =fiF
fep¥e: Ty q WSdS-qHd, TRIHH A1Se] T (d fdhdl TS L)
U WSDH g Wedhlddd Debhdad RS fdhdl e TShiayH)
B. ATF-UTdS (Ih'cﬁl'l) AeTHITh® P (Non-Foliated (Massive) Metamorphic Rocks):
TAM AR 18T, Wi Arefesd Ul sgafyd dvel STdrd.
HTRWR: fhtea, FAreTe fdhdl SR HYH TR dhal
PICTSC: HOR, UT, Bl A GISUNT dOR dHal
b SRIG-gHIT, fafdy Tewi=ar Gud AemifthorgR TUR Hd Sld: SIS $oR,
JHHGR W=
2. Eﬁﬁﬂﬁwm (Classification by Mineral Composition):
uferfe® ®: Slcgfiiian IHeiAe I< (IaTeruNy, Wie, Rew)
HeHaY U P: HeRTH ST UMY 3R (ISR, THRIR)
Hithep Iep: TARMHA 0T dig JHIAP 38 (Sareruny, sfipaage)
PICH-eaWIYD A P: HIco AT BeswR (IS0, I39) I TS
3. HeMIThoHd YR (Types of Metamorphism):
O HeMifthed: BT SUIGYS, AMH-Ud@ T8d TR HRATd
UG RIe Bemithod: HIddT TR SWTdT 30T GaTares, U=l W dbidt Rt dHrdrd
TSI HemIThod: TRA &4 JrRi RIS RIS TG
SOHTHS HeMIMhor: QY FHdR T Ga1d e,
1.2.6. HeMITh® JPHd AfHFiAs arR (Engineering Uses of Metamorphic Rocks):
(i) X1 SIYDBTHNTA!.
(i) TSHMT WY SR FATGITS dhebie TN R TUR HRUIATST IR ST,
(iii) €T fohaT UTdes Tia WReUTd BT 101 SARTaT.
(iv) FIgR, fiicq, Hegr Toten 0T SRS,
(v) G, iem, ERT 3. IR Aieda™ Wil 3 HRUTMT3]
1.3.1 AT SARST 3117 (IS definition of Soil):
o T I YsGAT dTaTeAT fAVTITHR aTaTea 31 SRy,
o IareRund, FHHft fhar yammeigR AT sarea AFRY SHfRIaT aruReen aiRHTSgen
BT 3T,
o UMY ANIHE Widild feeiedn fafay sare simgd
(i) HRA AFSIJIR 2809-1972 (WAl ®ie URUTNT 3M18) (As per Indian

standards 2809-1972 (IS code definition of soil)):

Maharashtra State Board of Technical Education 7



Geotechnical Engineering fSrsiefdee siomiteaT (314315)

A aRUT gedha Hifae o1 ImfAe fdueamge Fffde o1 o gw®
3 perd STHT" U 3T,
(i) @ﬁﬁ%‘ﬁﬁ HTWT (Geologists definition):
Y foaRdId &t IdRd il shedl Wed U HHd, dadcrl suq ekl
GIEGIRESRIGRIRS
3) AR Sy aiG®t sarRa (Civil engineering definition): ARY SfYAarTat, AT
31 3T 3R P qd AuffmRa gan srier gt Wt fga fhar srpefe gufma
AT o d€ bR drd. I1d [ Jrgdt JHIfay 3ied S &1 §irs, dies, Jogd, Tt
4) qﬂﬁ TSI (Agriculturists definition):
FH ATt afRuTST Qi dae aer WR S g 9 I R Saar sfor
v) ST. 235 (Dr. Terzaghi) (SITET HId! YIS ISia WU Feed STd) T Ha:
o ORI Ha, AT 8 UhuHH, SIS U TN QUi gt Irlt 3. I 3
3T &1 AT T SR JAE a1 307 e o SRyara.
o TIPS, WSH ¢ WA HUI THT 3HTed o Ao 3N0adh kiigR Th sisad
3{Ted. U1 4TG0 Wehiaeid B HRYAT WY 5.
o 3H HOR A WiUe AP fhal Idc TgUrdT I, "

1.3.2 SIYBTH FIfled U ARt ifiiReiae ik g (Importance of Soil in
Civil Engineering as Construction Material):
FIeiid Sy i WA A fafdy s 9l siffmifiene < dgw
<2ffaard:
1. fde 3Taxgeh JHIUITG UTogT=a] Ay SiieUdTal dTuR el deidRl ATl s-adrd. dTaiq
TIR S faehn arR fafay siuw™ fharemariard! S oS, Jdd! o
o fIcdl TG, S Hed, diex YthTT &1 SATS! FHH A wRiae Rrgars
WReR T W aTuRd! SiTs, Xdhdl.
o TOIIR! AT aTdR Foraarenr it SiUvar st dar S [dbal T IrEr aTaR
facT=aT TRIRTTS T T GiTS TRIRTAT HTHIT S{Id Hal S, Jahdl.
2. e+ afel WAL Ard! WRUITA! A WU dTRel! S,
3. Al faRIva: d diUedHar HRUR g WU dTaRdl S,
4. grogr SiYofiTdt ATt aTRel SiTd. (Ssegsiud ).
3P T P, AT dEex WU dURdl oS Jdhd. A OMC (WU garad aroft
YT aR Ypfad el SiTd SO =T YHRUMTd, Al TTaRe 0T SITS=AT SfaRTd HRell il
e WBM iR HTcll Teh §e= HUT T80 HIH Hd.

Maharashtra State Board of Technical Education 8



Geotechnical Engineering fSrsiefdee siomiteaT (314315)

5. ged eRuma uRf¥chid Iqul g1fén 39 qdiay ool Irniig A Siue Sl
S Jed IR §94dl. IR W Td g1eT A HR HRUIMTS! aToRaT S,
6. TG TREIUT BRI ATl GBid TR SIS, Q.
7. H1cit Rrde g1 IU-US WU IR SIS, Yebd. HERTY Iy i fRI&vr Hees
8. ATl flhee’ WU <™ dTaRdl SIS, e,
9. T AR WHTATS UT0T eRUGTTS! ST dTuRe ofTs, Q.
1.3.3 WWQ@WWW (Importance of Soil as Foundation Bed of
Structure):
U Yt T Alcl Hedra! YHbT sefidd.
Qe ur 9t T i fafay srewiT srea:
1. O7cH Sgdeh TRTAT ST STdrd.
2. fafay TRieRId At 7S A, IRH, 8T q¥H, b e Wurard Sfor T araR gt
ERUT, TF@HYU] RO, ¥ed, ¥, [T Brdewm, o R BISexH IRS Brdev
UM Hdl SIS, Xal. AT Te &FdaR
3. SR AT 3R &Yl BRI 3R¥d, R d diedd SIS dbd 3101 T dToR SRAMEI3!
U1 9 WU ol §I1S; Rebll.
4. Arait-Ryde forgror fafaey == urnd 3U-3€ U ariRdl Sl Wb,
5. SIUTTG! -l UTT AR Mgdl S0 A d BTG Ja-Td 88 WU HIH .
6. Taitel fafdey T HTed SATHE] HTcl IRl 98 UG hd:
a) T STy ( Building foundation)
b) o fUeR wrdeeA (Bridge pier foundation)
Q) e, Yed (Highway, railways)
d) HUR (Tunnels)
e) G{QﬁﬂTUT(Earthen dam)

f) T[SATHY eRTT (Gravity dam)
g) pIcldl (Canal)
1.4 BRI f33mgq, peury ofdr yhite JREiBeR & ua (Field
Applications of Geotechnical Engineering for Foundation Design, Pavement
Design, Design of Earth Retaining Structures, Design of Earthen Dam):
Tt SR fSgiTeH, gedt SR fegrg, gedt eror f$grms:
i ! &=1d ®Te! Agard SN JHIay 3fed:
A) JidT ﬁ':‘s?l'l's'ﬁ (Foundation design)
b) Uy i\S'iHs-I (Pavement Design)
C) AT RGO TR ITSSH%-—I (Design of earth retaining structures)
d) 3¢ ?JTUT%@ET-T (Design of earthen dams)
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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

e) GEEHERER! (Design of embankments)

f) WW (Underground structures)

A) BT3SYH fS3IST (Foundation Design): SHRG, Jd, AEMN fdhdl tRUT IREHAT TAH
AR YIRS AR geat=ar gEHITTER fdhdl gealar 3iTe. WA HR Hldiar YRyl
3TIOT P& TR HRUAMNTS! Ul TaRIH 3118, TUH, ATl e+ &l 3ol ars
AT &S qUNd fIdRul, U deadie, Su- YuTd, SR-rogrer YHId 3dreidr I 3
TR HRUIRATST SHTaID 3HTg.

b) FeuTy f&3ME (Pavement Design): TeUTY gl ANIAR (TaUS) Jacicl U HOR hc
3{Tg TR AT §ad bdld. Heuryd G UbRd 38 fdar dafe fhdl sk, Geury sl
Jafie! Sfo1 AT gedh YNGR Sfacig 3RId. B drgde, SiUdd Iifgd, gudl 4RO fdar de
c) AT GO IR %31137{ (Design of Earth Retaining Structures): @IQT A=
IR TIRUGRTST 0T IARMIST YRR ST Ut e, ATl RIS IR
3T 3R, AT T Sla] SIS T UTdesiar SqUariTe! Jedt IRGuart =T
I HaRID 3HTg. Jdl IGUR A1 fegme-ardt fehd gt qre, sy geat are,
g1 3107 groft ATt a1 SIS 3T,

d) 3t ¢RUI ITFT (Design of Earthen Dam): Jdcg tRUMAT STUHMHIG, Hdag T
godh Mg o THIHM 01 favy 3Ry Wdhd. WUH, Jra fSgmsen FoRiie o,
WReRIcT aRkreed, BT THR faavur, ARy Tearsmyul, TR, THAIHRu, THad S
HARUT AThE AT eRUTAT SRS HIddT THIUMER SO (AT 819 [dhd, TS
T T SHTOT STUBTH Sfd HIcselt .

e) dcagrdl AT (Design of Embankment): q%aﬂ%m UBHNTAR ax=A1 3{for et
AT, W RRAT T H& Udhd. AHS WO AT Hrewl Iari=r RR
fSTETTd], deadl fdhar ®reul S Sari fSSR-uarst HIeul dide, fagidar ®H
30T Tur T[uTies i I SaRaS T8,

f) 'ﬁ[&l"ﬁ g Sfor fafay (Underground Structures and Miscellaneous): UI'EE'C[
e, dNTeS, YIATd SR ARSI YiorTd e fegng onfor siydmmamrmdt
ardiel O+dl, Tl ThAeRul, Aldd! T8+ &l 301 SU-Afdi=al TR UugrA]
RIGIEIRICEIC IR
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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

Hg<ard Uy
aﬁﬂlm%usr

Define Geology and state its branches.
Define soil as per IS.
Define a Rock and state one type of it.

Classify the rock based on its mode of origin.

I

Define Geotechnical engineering.

invﬁun%uer

. Explain the importance of geology in civil engineering construction.
Explain the engineering uses of metamorphic rocks.

Explain the composition of earth in detail with diagram.

State various branches of Geology.

L

State types of soils as per mode of formation.

wgun%ruar

. Explain the various field applications of geotechnical engineering in details.

Explain the classification of rocks in detail.
Explain necessity of Geology in Geotechnical Engineering.

I

Explain importance of Geotechnical engineering in Civil engineering.

Explain the importance of soil in civil engineering as a construction material.

Maharashtra State Board of Technical Education
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Geotechnical Engineering fSrsiefdae sfiomtaefir (314315)

gfe 2. urdia vifas enfor s=a uret

(Physical and Index Properties of Soil)

fawg fAreo=h (Course Outcome)

ferear Ardiean T Hifaes Toret @,

Rrsia Rrgror ufvoma (Theory Learning Outcomes)

TLO 2.1 AT Hifad Turemte faxgd qui &,

TLO 2.2 Tafid UG I feaiedT A=Al TH-aTd ey TureH 3T,

TLO 2.3 fadiedn T9-ama HUrd 3THR fdaRu &4 (Particle Size Distribution Curve) el
30T AT A=A e,

TLO 2.4 feciea ATt TH-aTd 31exa SHIRYT (Atterberg's Limits) PTecied] JedTIHR
fa=eIuT 1. Physical.

2.1 AT Hifae Tqore:
2.1.1 |1 U -gc® yomett ¥ U[ - [Soil as a Three Phase Diagram]

1. O A 319 DU Sl 3, e fepfemml iR fhar ®igs (voids)
3. HUTAT FUBIdid JUGUIAl THRI: Al HUhUl fhal Al dheaRk
U,

2. B 3R AT YT g3 fbar uuar febar gt g9 3nfr arer gt R o,
gram 3 3R BT AT ThT gewmien F-Uedh uard WU Hedl d5d, SaId Hla)
3 [ o1, FTe! fafds [ arex) il HIel arg [UR gaT S$rdrd.

Figure 2.1 |Tdl T fA-Ucdh YUt WU [Soil as Three Phase System]
(I MSBTE Al8d 3R UWR)
1. |TdE JETU QId: 9 gedhidl Uudl 344, Sa1d 319, foifée ofir arg uee
3.

Maharashtra State Board of Technical Education 12



Geotechnical Engineering frsiefeae giorieifT (314315)

2. 01 3dd dTaiTes Uddh UHUBIURA a7 drdl Id Aleid. dHTedl
THGCTS!, 99 9 gehi diTaiTed S SMUd Sedrd HHd offd, o fard

Volume Weight
=% & v = =
v, A I =0
Air v,
3
| Ve W
de 4 il e W
- *
Water
v |28
v v v v

Figure 2.2 I wfE XA [Three Phase Diagram]
(HId: MSBTE Higd 3R UWR)

1. ACGRAT YA IaTedl gcdmidl J@IAdd UfdHl 'ged J&ihd (Phase
Diagram) ¥ U[d i@t Sird.

2. T gedid X@id JHifRET0 SR [SATURATION] AT AR 81, [0<S<1].

3. ST ¥d RS (voids) UMM HRAA! ST, dagT THAT YR [SATURATION]
gIdl 3101 TS I1g Uedh SuiRd gidl.

4. Y Sffgd I W=l A fafds gcd SufRyd sRial. e IReH
[SATURATION] 3TfOT 3ficg= S1a AT, i gedhidl UMt M gedh i<l Jomade
HH! BId.

Volume Weight Volume Weight
5 x - = = 5 > = -
VaI Air IW,,= 0
v, V=" Wy
v = |
v = W 14 W
v, W, Vi W
v v v a8 o, i -
Three Phase Diagram Two Phase Diagram
[Partially Saturated Soil] [Fully Saturated Soil]

Figure 2.3 <t 311fOr g9 cuAi Y@ [Three and Two Phase Diagram]
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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

(\‘Qﬁ?[: MSBTE Model Answer Paper)
1. UHUI To =W=Ws+Ww

THUT ST = V= Vs+Vat VW [Va @& 38 d gaiél el oiTdl]
W=W.V V=Vs+Vw
PRSI URIRUITST —\.r’_+’:' [Dry Condition]
@?RTZF[ URIRITST [Saturation Condition]
W=W+W
WV:VE-'_VW.
212 TR I [Water Content] [w] — SHTdl 3ATedl dec 31@?[
TEUTATd. g UToaT=AT doraT [Ww] HTdTT O Ul dol-r™iad [Ws] SR IR 318"
Ww
W=is
W= X 100 oo TIHARI.

Ws

- B TIhIRId aRifdd S,

- T i M UM dler dewe Y 3d, UUT Forkd Ardid! aler drewe AR 60%
3.

- TR Hc-cHI3] DIUKTe! I ferfie ATg. off 100% U&T SR 31 /b

- & PN SciedT ANl gaqd e Ul 3ced] AAe A9ffd gdl Heed ed
SR 3.

2.1.3 158 IRASM [Void Ratio] [e] - "T TBIsSTd THUT AT [Vv] T T HUIY I

[Vs] T TUITTR TUH YR dbed STdl.”

- § GRITRITT S bl oiTdl.

- HERIA: > 0 WU ®Big8 RSS! ®IUKite! 3 ferfire =g,

- & HUT eIl HIadl gigs RIS JHRd: ¢ HUT 3Rcied] HTaredl a-d Sikd
39l

- 7T HUT AT A Figgy WY DR Y&H Ul aied Tl Jod Tl
3YdTd, I UVl Biggy WY Y&H HUT 38cied] AT JEad: 3 S,

2.1.4 URTRIET [Porosity] [n] - 'E RIegud THUN T [Vv] o A THUT T [V]

Iid TUNR TUH URUIYT del Sild.”
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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

- g CHhIRId Add bl ST,

- GRIRYETHE THUT SRITHT g, 1SR HTO1 HTeiie 3d- JHTfdy 3. Uleid, V = Va +
Vw + Vs

- ORIy Aot 0 < n < 100% 3R,

2.1.5 TR [SATURATION] HTUT [S] - § UTUGTAT A [Vw] T Rissaal THUI

SIS [Vv] TN UITTR T URHTT ol STt

s:%moo ...... TP AR AT bl ST

DRI AT S = 0% 30T Juigor YR [SATURATION] HIIRITST S =

100% 31, TR 3H1d: YA [SATURATION] ATIRITST 0 < S < 100% 3.

2.1.6 SfRUE 3 [Density Index] [ID] - "% A=Al ¥ald HidbedT 30T ald gy
Rycfi=an gad A= g 119 WU aRUIRT &d S,

- Tl ATUe g fhar SRt 8 3Ris! RUrArd.
- § g&H BT 3 ciedT HidredT gaid Hide SNfor wara afay fRudidia dfidhmeha SRyd
TSR HISTUR Yad 311G

Emax_e

€max- ®min

- emax = TATd I YA Bigs A3,

- emin = aId UMY R Gigs YRS

- emax = NI R Bigs MRS,

- B 7IC HUT 3 A Faid Hgw@rd JuIdH 33,
- TTC HUT 3RcIedT ATl TTU8f TdT gadbrar TR Tiidpd oal SIS [dh),
o @it féd ST,

dddl 2.1 -Density Index

ID[%] 0-15 15-35 | 35-65 | 65-85 | 85-100

Classification|Very Loose| Loose |Medium| Dense |Very dense

2.1.7 |G 99dT [Density of soill- * 8 HIGIAT doi4 [W]d ATl Thd S [V]
g TONTR GUH TR &l ST,

W
v

- W = I 9o
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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

-V = OTdId THUT 3aH

- 8 KN/m? H o el ST,

2.1.8 oo SR (AR gl [Bulk Density] [vt]- & A THU a9 (W] O 1=
UH Ul SO A [V] I OMTR BUH IR o Sl

8 KN/m? A& ad &al oifd

2.1.9 $1I STRIE [Dry Density] [vd] -* & AT THUT HREUT T [Ws]
AT THUT ST SIS [V] did UR T URHIRNT &l S,

-yd == KN/m?
- 8 KN/m? &l e bl ST,
- PRSUT Th e oi-TaT SGANT HTc T U-Tdd A9 T el ST,
- P HRedT Thdh aordT 31 ATl 31feeh o fohar A frd 3Mg.
2.1.10 99 HUA The gui [Gf-e d5e TP Higd Hifasd] [Unit weight of soil
Solids] [ys] -"g AT 99 HUMH do- [Ws] d ATl g9 HUTd THUT FdH [Vs] T

Ws
YS = — ... ... KN/m3
Vs

- BKN/m® 7 ad &l oTd
2.1.11 QA [SATURATION] T aoi [ERT IfAT d3¢][Saturated Unit

Weight] [ysat] - § HTcTeAT TGHUT TX=H [SATURATION] IO [Wsat] HTc =T TgH0T
ST [V] TUNTR 31,

Wsat

— . ..KN/m3

ysat = v

8 KN/m? Aed ad ol oI,
2.1.12 "SIqHY TS goi" fhar "avm tee aei". [Submerged Unit Weight]
[ysub’1-"8 HTCEAT R TS [Wsub] HTcieal THUT SRR [V] TONR 31T8."

Wsub
ysub = wer v KN /M3
v
8 KN/m? 0&0 odd &l Sild.

Maharashtra State Board of Technical Education 16



Geotechnical Engineering fSrsiefdee siomiteaT (314315)

- ST A UTugrETelt 3, TN iy URRIAHE, Al v BuliaR
TS I §d SR B, O AT 9 HUligR aRIfid dHoiedT Uroarar ao-re
A 3.

-TGUA T 9 HUMd THUT dolH HHT gid 0T g HH! AT Ioi aRiT aoi
foha1 Sermyr aoi WU i@ S,

Wsub
= Vaar—¥

ysub =y =

¥'is roughly = - x Submerged unit weight

-
-

- yw= "UTUOTE U qol ",

2.1.13 W& AR [Specific Gravity] [G] -* & faeiedl U HUT=AT ST Toi-T
4°C oI UT0gTH] YA ST o= TONTR 317g."

. S
G ==X

yw

- §gd® PSS Ardrd WRIhe Tt 2.65-2.80 =T ufld 3R,
- §gAP PIEHD Ardra WRIhe ATt 1.20-1.40 =1 ofid 3R,

* TUgTd Uhdh dol [yw] - g U0 UHUT doiH [Ww] o TT0aTd THUT SIRIaH [Vw] afd

Yw— -

Vw

B KN/m3 A& ad &al ST,

2.2 HIdren 3%?\"-[ 'ﬁUTiITIﬁIT OXI14d: [Index Properties of Soil]
2.2.1 IS DISTIAR 3@ SIRIT Ul d1ex He-<dl 331

dicR

oA WN o

B BXAVIITS! UG, [As per IS code for determination of Water Content]

. UTgHITHCR Ugd.

. DR HERS Ugd / XUS AgwR Hicx Uxd.
IS 1Y Ugd.

. 3fedlgld Ugd.

. TR ¥ Uga.
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Geotechnical Engineering forenefdae siomtarfi (314315)

7. WU Uga.
3@ STRIT Ugd —[Oven Drying Method]

. & gafq aref 3nfd s ugd IR,

. 3[BIEH® ARG ATGHM 105-110°C G HAfAd & S,

o SR duuE AR = for 110°C U SRd 3R, d} RTATHD  GTogTET
THIGUATET T 3.

VOLUME WEIGHT

T v W
Va AIR \N*a=0

T owy= wyw

=N i
i

Figure 2.4 <9 cwid @I [Three Phase Diagram]
(Fld: MSBTE GTE 314315 UINIRIST HY3(d)

1. RpTT =R I Tl 101 'w1' U WU g,
2. 1S FRIPRRR TR 311 Adie A T -1 AT § heRAS .
3. 3T AT HReIedT e aor HIo SATOT d 'w2' 39 T8 Hiedl.
4. WA HeR YARSICHa AT sfigaaed 105° - 110°C AYHMIR 24
JITS! &dT, SUidh< arex uiaul a1 glad.
5. SIGTHYT He-R FTeR Hlel 3T 5 et SRidedas 48 &,
6. DS ANIINIE dHe-Rd gor Aol 3701 d 'w3' UH WU i,
7. % ATER He=e BT % w = (W2-W3) / (W3-W1) x 100.
8. feciea ATdi=aT Tl IR aTek dec HIGUIRIS! aiid 9d UG o
%@TT[: PR
- W1 - R deRd aoH,
W2 - HeR + 3T ATl do.
W3 - HewR + DRI AT do .
- Ww ["UT00T doi"]= W2-W3
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Geotechnical Engineering forenefdae siomtarfi (314315)

- Ws[ "AIG-AT 949 BN dol” = W3-W1

Ww
W_E

— qER BT =W = 2" 1 100%

Ww3i-—-wz2

2.2.2 PR HeX UGdi- THUI Thd qoi- ST HIRedl Thd qol-Tal 374.
S1-9I¢ Tohoh aoiTdT 3.
1] R %R UGd. [Core Cutter Method]

- gl Ugd I Arciiedr Sedid aroRel S,

- Bl Ugd Sl 30T WSl A=l diadid araRal S Udhd e,

- ®R PR 8 UH JOHIPR U I, ST a1 70T Jieiad drefell Sgal
3 drd 3T i H1e 3], YR 10 FH SO 3for 12.5 . It
3l AT AT 3 AR 1000cc 3 8d

140mm—————ey

Z Z
f ~ 2.
Z 100mmé 4 25
75mm Z Z |
| emm | m— e e e

(a) Rammer (b) Dolly

105mme

100mme
127 . 4Amm

Hardened
cutting edge > s

10mm

Lo\ Custior

Figure 2.5 PR Hex Sidl 3O gHRYE [Core Cutter with Dolly and Hammer]
(Jld: MSBTE GTE 314315 UINIRIST HY3(d)

W@T‘ﬁ:
1. ®R HeE I (h) MO 3idTfa M (d) HIST 3T HR He=an d A draT,
SOl T A cc ALY AoTal Agd,
2. R HR He g STRIarg [T M d (w1) 39 TUE Aiedr.
3. T f&H1uft g=dT HISTIE! 3178 d ST a8 T ST0T THAd B
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Geotechnical Engineering fSrsiefdee siomiteaT (314315)

4, HR B, TTAT R Steel ST, LA YT AGHE A guf @iegdd s
SATFOT 31 H_T P STl ST HFT SIfA-aR Ieia.

5. HeHIgd! ATal WG o1 dR/MUH-URT I0e- ATdiall gea gTdM Hedg 3acH
AT disturb 7 HAT ATded TIIE Hex 3.

6. AT a1 SI0T Wleral YT Hic FHde BRI S0 He! dTgl GEHIT Wad .

7. I HRAA DR Hex Hiol 01 d (W2) UH U Hiadl.

8. flhes OIda UHUN U-IdT (Bulk Density) TQUATITAT aldl I dTORT: y=(W2-W1) / V
in gm/cc.

9. ®R HeHYA Al HIGT, YUd TRICHR dIeH 101 TG T UfafAfde At
THAT &1, SUlahed BIUIATa! UhT UG dleR dhrewe (W) 3XadT Isdl.

10.fhee Ol S SRS (Dry Density) ®IGUANTSI Welld I TR
yd=(100xy)/(100+ w) in gm/cc.

11. 909 T4 et g S1fie ST &A1 TARIGT -1 Sl AT RN HRal

a1 309 Bl S, b

IHT:
NPT HR HeXd a9 = W1
PR B + A TolT = W2

"HId o, = W=W2-W1
"HTod 3RId"= V= g x d2xh

d = HR HET AN,
h = HR HeEl I,

SR TpU the y:W’:W1=$
IO =
S SfRA.= vd =

1+w
2.2.3 ¥s e ugdiv URur The gul 31T $ReUT U ao-TdT 331a
2] ¥ Rwigde ugd [Sand Replacement Method). - 81 Ugd dolul 0T Ta! A=l
Fedid aTaRet 9Td, 5 R HeX Ugd dTuRe Siis, Wdhd ATel.
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!
o4 Pan ! | T
O i 'g___&_‘ LT e T e
ol
Pian : L
Excavated . 7
Y Jr— ; r?@:
excavation Lﬂ") e
Section
(a) (b) (c) (d)
( All dimensions in mmj
Figure 2.6 E 3TIOT DTS =R e YTl RIdER. [Metal cylinder with tray and
Calibrating container]
(A1d: MSBTE GTE 314315 JRINTRIIST H=Y3(d)
BIIUG:
BPICICANEEIEE
1. U U Irafciexd Seur d1al, [eR &g &1, 1 T U SIomt SM1fir 600 ATehi-aR
3SIdict d'g ATl TTehT IO T UT G: 1.

2. Y3 U1 Wi ATdNIg aoi HieT 3107 d 1.0 IH=01 Sides 3Raia (W1) T8 Hiear,

3. Y T Trafeier HfesRM deRar 3dl, Tex I°ST ST ATt HisH deR HeH
TR UG T, TR 8¢ B

4. I3 Ui Urafeier SHTdT W3 311 THdd gEUTIER Sdl. Xex I°ST 1T At gufgoy
Y& qeR UG 1. TR ¢ BT, Y8 UINAT Afeiex Hal.

wlE

Figure 2.7 &S aT Aol (Fs Rweide Ugd) [Measurement of field density
(Sand Replacement Method)]
(dId: MSBTE GTE 314315 FANTRIGST Hg3{d)
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IR TThaied] ATTdl Tha BT S0 AT ol 1.0 YT Sides (W2) TUH g,

5. & UIRTT TraIfciar T AN He T aoT JedTei i golTRe W1 3R

6. He UINTT Yrfciex HiCRM dHe-Ra HHHN 1. Tex IUST 30T ATt D=
HER STIOT RIUR GOIIO! HRUGTITS! AT STeR g &l R[eX § BT ATOT Y ATchag
grafeiexd aoi= W3 TUH e,

7. A Td UGl g 3% desT TARIGH BT 30T (W2) 31O (W3) o SRR Jed 33T,

8. BHIVSRA HeARd M V1 Aell, fdhar iaia A dieH fdhar arer y= 3T ao
HEH.

AT g-Tdd |9 &=

9. s U Urafeiex Gt AT 4R T ol IR aoid W1 JHH &,

10. 98 Ui Irafeiex AdiA Rad, UTqaT ¢ Smed AR fog o, ofir elad 9
1 faruft o 157 fibes oaT HISTae 3178,

11. ST AR 45cm x 45cm &3 IGST A0 A B, S fiheg o=1d1 A= 3iTs.

12. ATl fg Sreidl 4Tl ¢ dUR dHaiedl SiEFIaR &dl, Aed [ aTiR e, Slda-
AT \igT AR 150 ot (sfemen Wdudd @igT =, fewan Al dieoiyds oel
30T YT HeARAH ST BRI (AR TANTRISSd MeST dhaied! Al g 1.0 Jq=
S (W) HIS).

13. 997 % SIS YTqE ¢ HTel, s T Yrafeis ot A HRAdT 3], Tel WigaiedT
fSameR AUr 341, Wex IgST ST Al Wigaedn fard ST vRued goigor
YRUGTS! ATTem dex Ug o1 R §g H S0 N ARG Jafded gl (W4)
U HIG,

14. Mes] heied] AT ATeR dre-e 3ag ST UG- Hioll, TSl w%.

15. IR TRRT . 12, 13 3707 14 EF 3% 9T TRIgd o1 30T fihes AT IR
PRSI T g e,

2.2.4 yrgFHIeRgR fafkry WW OXId [Determination of Specific gravity

by Pycnometer]

W@?ﬂ:
1. SIcdl Wa B AT o HRe! Hl. N1 g Hed a5, dh
JTHRIAT ATHUMTEE 'W1' T U HIST,
2. feciedn Ardar T S 4.75 ot o gidl Sffor 75 ArmhiA IS RegaR gd), af
3fi@THH 105-110°C AYHMIER 24 AN 3Hig S H, AUHE Al HRS! glad.

3. g1 G 991 GER 150-200 Y9 G-I TIHT 101 A/ ol 'W2' U9

UL i,
4. 3T U= Al IRid fefees arex uren 3nfor &= e gadl,

SOl AT 3Shae gal dTa USd,
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5. Rid BRI AHUMAT R fefRees arex urgtes HRe Tl
6. fEfeTe UMM WRAd UraHIeR dTedid ao 'W3' 9 U Hill.
7. UMY SICHUIAYA ¥d Hree BIe]. ol e Y&H W .
8
9

. IR dTed Hhad feRets Umvam g STeRTeT ST RRaRTYd .

. URIe-IHIeR SATd aTe] quigur aReie 3iTg, T aoid W4 UH dd ST,

10.f0RkF awdn G 9 TuE Jeld AR B
G = (W2 = W1) / [(W4 - W1) = (W3 — W2)]

11. 90 94 RO &F J8T GrRIgaT &1 AT fgciedn Ardien T SRRt [afry
TS@IHYU HYo.

Specific Gravity using Pycnometer

R R A
T s

W, W, W,
Empty Container Container Container
Container +Dry Soil + Dry Soil + +Water

Water

Figure 2.8 URIHIHCR Ugd [Pycnometer Method]
(Ad: MSBTE TANTRIGST ANG i Y-difd it 314315)
2.3.1 BT ATHR faazor [Particle size Distribution Curve]

1. ®U AHR fTRUMGR, MUV & AHR Jufid A< TAT0T His], ehval. AT
TG dTaTeAT SfRIAE fdhar siiaradta fauioid ovd I3 Adha, o1 ude i
HUT 3Mh R Ueh fafRry Juita ufafAfeia sa.

2. U MHR AU fOdvor deaHar, TRUMH FHRId: 1o dled odrd, o
WA JeaieR 3feTar U fafy feRIuer Siear Huid Iy ufawrd @s =)
AT SITd, 3O TS S1&TaR HUT HR AN WhadR GRIfda ST,

3. ®U PR faarur Arat=ar ufaferdr UsRIeR HIdT UHId <l dhdl, il d fafdy
YA IR STaTd. ATAHS WS HUT ST, 0T a7 HUld TDHR HT0r
it ATSUR A orHieR [T THTE erdhdid. Ul Aldred] Tg-ardid SHulidl
3R GU ¥ (>100 ) TR A WU A (<2 W) Teiel 3R T,

4. AT THRTI HUT SRS Al SR Tolgd 3, HRUT ATd HUnHedTe aoor SR
HUN SMHR faaRumaT Aifed! 3d, dR SMTU0 ATl didbard! ST oM g
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AN

5. P HHR R0 Hd  (PSDC): § HUN SMHRIAT HTYRTGR AT T f[a=ersor
FHRUGNTS! Blead Hd 3. § Rieg MHR fhal HU1 SMHR T A/ FACR %
W3R HU TH ¥ Sad,

@ﬁ:https://www.tensarinternational.com/re@?{s/a rticles/what-is-particle-size-

distribution-in-soils]

2.3.2 gifA® R fazdworis aﬁ?ﬂﬂ'\‘rﬂ - [Mechanical sieve analysis as per IS code]
fedd A U MR faavur gifie R fazdwom 1S 2720 (WFT- 1v) TER 3.
Uexd:

1. goardtan fGdedn AT T 2-3 el Saar Hiewe 3aT siuideH o
gAY dreaadl A Hesd. AT fETum=ar Mt g SUaTITa! SiTaare
g GIEH drgH Clahl.

2. 1S Ricgan AT IRAT HUM Hafyd &, WY ST Risg o 311for akie Risg @rat
34d1dd. TSI, SiTs Rieg aR 311fo1 Ik Ryeg @rel. 1s Rig e 4.75 e, 2.36
ot 1.18 T, 600y, 300y, 150y, 75u STHRTAT Ricg THIAY HT.

3. [IiTEn FGAT S{grst 500-1000 UH B3 ATel Haid aedl RisgaR .

4. 15 Ryeg Ye=am R Sf0T Wrcil des IO FTehUr dard.

5. 1 9ag Yool die e har aar ior Rifeg &1 ifd feam 10-15 e g
a1, it RIeRY deft o,

6. Ud® Rigasd A1l Pigd Wid o dUFA d Il Rigae dlel. s
RicgaR daciedT AT aoi HIST. T Aig HRIE0T daard .

7. C9d WEUd FgRJACE CabdR] BIgaRa! 0T HR.

8. Ulchd Weol fSRCeIT ®d (PSDC) ®Ial AT I ANReH® AHAR I

FIGUREDT &, o1 ST SR (AT Ihdl) x-SHETAR IO Rl CaahdR] BIg-R

(eRT W) y- &R ATE.
9. PSDC T WRUGEH, faaiedn ATl ahid SediRad JUTHe aifigrd @],

Rl e

1HRE

A=A F-ATd HoHTg STf0T 4R0Y

Maharashtra State Board of Technical Education 24


https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils
https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils
https://www.tensarinternational.com/resources/articles/what-is-particle-size-distribution-in-soils

Geotechnical Engineering

frsiefeae giorieifT (314315)

ATBUNHCR AT 3R HISHY
Figure 2.9 HUMET 3THR fIaRUI UGd [Particle size distribution Method]
(A: MSBTE TANTRIGST ANTG i Y-difd it 314315)
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Figure 2.10 HUMET HHR AR Hd [Particle size distributions curve]
(F1d: MSBTE TANTRITGST ARG RIGT Y- SAfifA®! 314315)
2.3.3 BT ATHR fJavor $d (Particle Size Distribution Curve)
1. P ATHR [JARUM [IRATT HRAMT T Ha SHTedl AH {Hesd!, STl S0l HHR
faaRur &d (Particle Size Distribution Curve) fhar wt St ST Hd (Grading
Curve) 3 UMM, § ®d HU AR gui Jufien gxfad, @eMae ool

THRIUNA o Faid HAGAT Bl
2. SR A $as JHM HHRME HUT a3, R foaar ST Hd  Tdh 3w
YR 3d, Sl TG HUT HRIER (R 3R, Igad At fafdy &7 SbRi=n
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JUR FTIC! S 0T HUT SHTHR a0 Hd STl g Ioldids dedU] Ud SR,
TS T DR faaRur fag= Aa.

3. P HBHR fGRU FHd  (PSDC): B HUN HHRIAT UIRA ATeii=ar T fazayo
HRUTMTS! Hlead ®d e, M R SMHR [Hal HUT STHR 3101 Fgares %
WIS-R FHUITT FHTT GRITda ST,

4. % WIZR MU g MHR A Th Ah JHI-ANT TIRER Dlear ordl. g
JIDHR (DU ) X-HETAR AT IhardR HTOT % WIS Y-SR BT Thcrak
el S,

5. HUT fAeRUT GehTUTYH HUT STHRIAT HTHRIT TTUFT dell Sild, SATd 60% B3R, 30%
BRI 10% BISR gidl TOET Halt STd. JiHT 3 D60, D30 31O D10
U &xiad S,

D60 T8US! Al 3THR ST WIeh 60% HUT T+ ATUET BiedT 3TdTd.
D30 TEUNS! A 3THR SITIAT Qe 30% HUT golT ATHET BiedT ST
D10 T8UNS! A1 3THR ST Weh 10% HUT T ATUET BiedT 3dTd.
D50 BT TRERT SHR A sadl ST,

YV V V V

@thttps://www.tensarinternationaI.com/re@ﬁs/articles/what—is—particle—size—
distribution-in-soils] and [MADE EASY notes]
HU HHR faZAToIe JuIRT -
1. T Iugdddr M3 &Rl
2. SHTIRGEHdl TR AFg IUT fhar gt o=,
3. Had ToreH MY S,
4. WA g YR HRUATd GEd § TR o,
2.3.4 | YHTH S (Effective Diameter of Soil) —
"3{IHR D10 T ATHAT THTAT SHTHR fbal TUTE RT BUTATd. 81 Th SHTHR mm T 3l
1A 10% DU T STHRIUET BIC SHITd."
« D10 UM dl 3THR SITHT WTell 10% HUT qo-- JATUET Bl SR
2.3.5.1 gﬁﬁlﬁe“r ﬁ-'&'ﬁ?@rﬁ’ (Coefficient of Uniformity - Cu):
81 BT TR Fuft forell TIRUMRY 31T & GRIGUIRT fHE=1eb 3T S0 ot D60 SIfOr D10 HUT
{THRIAT THIOM GRUIT el ST,
T,

Cu = (D60 / D10).
2.3.5.2 Hada¥ Hﬁmﬁ (Coefficient of Curvature - Cc):
BT D60 30T D10 HUT HTHRISITAT Ha<AT BRI AT 3T 30T aF D30 AT T
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3101 D10 3101 D60 FiedT UM RT FHT0T TUH URUTNG el e,
o,
Cc = (D30)?/ (D10 x D60).

- Cc=1 to 3 GIITd AINTAL.

- Cu 26 X913

- Cu > 4 TgHTE.

gﬁmlss Tqigd adffthd R Riffed (Unified Soil Classification System — USCS) JUR
A A&7 ey
1. TS g (Well Graded) WU iifdhd HRUTMITS! Wieid oy guf dal
aifgeid:
Cu> 4&1< Cc<3.

2. SR a9 gl ey gui 9 &, @R RIgiar "SREETa” (Poorly Graded - GP)
U aiigpd dbal Sild.
SR a0 gl Fey guf o, TR FETar Jama” (Well Graded - GW) T
Fifferd S

3. Ysdl "GHTA" (Well Graded) TUM diffpd HRUTATS! @leitel ey Yuf bl
BIIFSISE

Cuz 6&1<Cc <3.
4. SR I a6l FHY Ui 9 Hhd, R FSal "SRIATA" (Poorly Graded - SP)
QU aifighd dhal STdl.
SR TR alel oY U1 ohdl, IR Fedl "gETa” (Well Graded - SW) U
Jifigrd ool SITdl.
[Ed — MSBTE TRINTRITGST ANGIRIGT Y-difd SHidt 314315
2.3.6 gUId ST FH=Y ATt - [Well graded and uniformly graded soils]
T WA UTaRe], AU et ATl QIeTTHTor Jifghd et oif:
1. Wﬂ'l'cﬁ (Well Graded Soil):
S AT T4 BRI ST FHGRT 3T, T0ord g HUTaR Hiadm
HUTGAd. T AT ATH S-SMDHRET SN,
2. &Wﬁ'ﬂ'ﬁﬁ (Poorly Graded Soil):
S AT {1y SThRIT Sl HIdT FHIUN JUTRIT S 30T ok SRl
JodsT L. IT AT AT el fdval arcaRar 3.
3. 9gHFY HId (Uniformly Graded Soil):
S ATy e T fdhdl THIaR SThRId HUT SRIATd. IS ATH Y-3H1& K HTR
I SIAcEolaes Aiae XOIRET .
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4. Y&A HUT RIS AT (Fine Grained Soil):
S OISR YHTUTT & HUTTaT FHIGRT 3l g7 Jidiel PSDC dR T X-31&7 &

¥ad 3.

5. 319 BT AT AT (Coarse Grained Soil):
S AT SR YHTO 319 UM JHTART SRl I1 HIddT PSDC dR XN Y-3718f ol

Wad 3.

Percentage finer (N)
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5o = 0-004mm
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10.0

Figure 2.11 HUIHET 3R fAdaRTT [Particle size distributions]
(A1d: MSBTE TRINTRITGT ARG RiT Y-diH® SHHTiH®! 314315)

2.3.7 "I BT THR GBI - [Particle size classification of soil]

DI U AT HUT 3THR fARAYT : I U ATl HUT 3R Iz g fazeryor
(Sieve Analysis) R Pl STd, TR J&T HUT 3R Al [aRayor RifgHe=m
UG ohdl STd, Ureid gragiiieR fabar fute ugdiA.
I IgaP A DI aud J&T STl Y07 3l I UHHd [aRayu
(Combined Analysis) UTg: Hd S,
T Ad faRawor g4, 4.75 e Riger Iraciel o1 Ardial d&ed (Gravel) TUMN.
1 AT By Rieg fo=eyor sl Sid. 31for 4.75 ol Rigaes ST At ge ged
e fazayor doedt ST,
4. 0.075 T Risga= MUY A1t grrgrHiex fdhar e Ugd faxafdd delt S,
AT aFipRUMNTA aTuRera fafae Sis:

o diesd (Boulders): 300 et dem Sa

o UGS (Pebbles): 80 it 4 300 et

o 'a%ﬁ (Gravel): 4.75 it o 80 foe

o 98 (Sand): 75 u d 4.75 T

o Rae (silty:2pd75p

1.

o & (Clay): 2 UeT HH

2.3.8 'J-I'R?ﬂ'q WSS DU TTBI (1.S. Classification of Soil)
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YRA A AT aFepR0l JOMel (Indian Standard Soil Classification System - I1SSCS)
AT aFehUT 0T STHIR HATIOT ATl VST fobar wieRIdT=an STURTER HRd. Il Th
TauT (prefix) HUI SMHR SR T Th AT (suffix) A=A AT fdrar wniReRictan

ferd P,
1.S. AT FiffemRur Yumeliaed arRee T80 UHR:
T 2.2 - 1.S. A iffemRun,
Sr.No P
r.No.
[Types of Soil] [Particle Size] [Remarks]
1. CIER] ATd! T faarRd
>300mm
[Boulders] EIGEIA]
2. Plecq [Not considered as
80mm-300mm .
[Cobbles] soil.]
3. Uydd
4.75mm-80mm
[Gravel]
4, T8
0.075mm—-4.75mm
[Sand]
1] P 98]
[Coarse and] 2mm —4.75mm ol 3 o)
2] Hifeaw 9 .
i [Coarse Grained
[Medium Sand] 0.425mm-2mm Soil]
3] B e
[Fine Sand]
0.075mm-0.425mm
. fR¥ee [Silt] 0.002mm-0.075mm
1] PR Ree
[Coarse Silt] 0.02mm-0.075mm
2] Hifead Riee
[Medium Silt] 0.01mm -0 .002mm T3 Y-S Ardl
3] wIy4 Ryec [Fine [Fine Grained
Silt] Soil]
0.002mm-0.0Tmm
6. I [Clay] <0.002mm
G=Gravel (1dd] M =Silt [Riee]
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O=Organic Silt [{fad Riee] W=Well Graded R[]
P = Poorly Graded [GIW'IH]

|=Medium Compressibility [H&H

CICIE RN L = Low

Compressibility [HH Spor=ited

H = High Compressibility [

offpoTRierdT]
S =Sand [?TE] C =Clay [af'ﬂ
AT e Fffeur
B0 AR e Fffez
GW-  JITd Uad
SW-  gEd ¥e
SP- ST TS

2.4.1 AT} fRRGT [Consistency of soil]
2.4.1.1 AT fRRad e [Stages of consistency]

A
«—0<S<]1—> < —-——-=-8S=1- - — — — — — = b=
VL [P = i = =5 &5 =2 22 5 B s i B S S R RS e B
1
|
I
VP k- e e === :
Vlmmie ACTUAL CURVE i
™) 4 r—Approximated
vd : : curve
T : | '
Vv=Va I : :
¥ ! ! |
\;s SOLID SEMI SOLID :PLASTIC : LIQUID
v
>
Ws W, WL

Wate Content(w)

Figure 2.12 W?ﬁ SiEl] [Consistency Limits]

& https://www.elementaryengineeringlibrary.com/civil-engineering/soil-
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mechanics/consistency-of-soil-and-atterberg-limits)
Ws= g fifie [Shrinkage Limit].
Wp= W@IReS fAffie [Plastic Limit].
WL= ferfeg ferfire [Liquid Limit].

1. T RRAES IR W | difcre, Ji-diers, wifesd o fafés. ardi=h
R foea aTer YRUT & daR ST 3.

2. Hdrer RRAd T

. Gilcrg(Solid):
AL U0 Fdid ST JHI0T 3d. IT 3faRyd HIdEl $HR ged ATe! HToT
HAR A 3.

. @'Jﬂ-ﬂﬁ%l_s'(Semi-solid):
B R AT 3T SegT A dTeR Tead S, U WiRked U HHt
qIeR Cdl SR,

. 1f*m:\%$(Plastic):
ardae ek St gl df dafad S0l HHR YuarEng §-d. Al Fgeld-
3T R ferell ST Wbl

. faf@s(Liquid):

ATC aTe} UTed Yo fafee ©ud seaddl 3. a1 3aRyd ATt T3 a8 Xdhd

30T foredT 18T SIvg T UidhR ATsl.

3. fRRATI 81 U Weg AR S AT HoRad YA i HRUGRITST aroRan
ST, AT fRRAT "o, HegH" T "HAR" =M e g=iaat Sid.
RRA Bad ®IEA-U< AdNTe!, faRva: wirdl aRyid dell Sra Sfor

4. A1 RRAOT ®uel A fagdr St wevaren  foRidd SRy
gfdepReIeT. Ardte Hifde uremfaR Ardidia aruar gamomET §aT THE
TSdl. A fRURdT UTugrea JHIHER d8id dgad.

5. Ud% UL, Orddr fRRaAr sfor armues avred! srd fT ARt
e o Eid TSl SNAd. WUH, U RUdAeia i A=
AU dgaaR SR aRYTT It ST, Wdhdl..

6. HIdl Teh FRUAUNA g1 R Igad AT ST UTogredn YHIUMHeS ol S&a
B-Fﬁ, T FRRURAr AT (Consistency limit) 3 BUrdrd.

7. SRS RIAT ARG THT YUl a1 HHd Agw@ gRidd. WUHd, a1
AT &@Wf‘éﬂm(Atterberg limits) 3‘@?3[ 1%3@[ ST

8. Il MUYl Y&H HUl 3cied] il Hedl YHIUTGR Urodrd fBgesdl, degl
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UMY TR SIUMRT Arate! fAeiad wors arate feifée fRUdt (iquid state) 3/
7 fRUdHE AT TTeTd Sividie! ®lde! UddRIIST (shear strength) T,
TEUTSH HTdTell YL Hldet UdbRRI d. a8, df 3T UIST UfddR = ol
dargd S0 SR argd.

9. SR A g0 JHI0r S Fd, TR AT HOR B BIaal UiddRRIad!
fa@Rid e AN, & R WU A1 bt AT Bide! HiddRRIGd gl
3l deg] ATl SHfOrnTg wide! UfddbRRIed U gl 11 ol fafd e fRudiarg
WiiRed Ut (plastic state) A dead.

10. A1 fofbe R wie s (RYdTaed SedamT urvdre Tar o7 WRTaR HH!
gidl, e fafde W1 (liquid limit) 3 WUATd. ga=a1 sard, drdl fafde
fRUAIRET yigeh &1 @ arex yAnr ar ifds dm R, § SaRY argd
e,

11. Wifes R Ordt fafdy sMeRITe HRI Ul IS dhd, HRUT o=
WIRERIEes ot ged el TdT SR 319Ul Hidd dTe) TURd! St dal, o) foa!
W A gisd 31 adt Al Wiked fRUURE It-ifers (¥
(semi-solid state) A gaaa.

12,91 (YA SR ST ATl HHR GUIEl Uad e, R o éd. At faeit
WIRERIE THEd AT JHeIURT 8 gled. SA1 Uugredl YHIONGR Al
W g1t Yigad ST Yui-Hifere fRUdaed Igad, ATel Wikes HT (Plastic
limit) 3 TUTAT.

13. 71 Yft-ifers fRycodfa Archt qufut SgReM [SATURATION] RT8d ST aroareT
THIUNG 9¢ TedIer A OdT BHT giad. TR U 3Ri U dd StegT fordt
grex HHl Bl Rl AT OdT YRWME Agd. dagl Al Hi-difers Ry
ﬂﬁ%‘l’&'@?ﬁ(solid state) A SCdd.

14. AT UehT SR AT IRHMIT URAdId 8id SaHed dle} 3{RMd: HRUMR gddid
&% 3IIATd. 31T YT FHS Yhd! Pi, SR dTex HHT e, IR ATIET I
qqH Medl g fazn Bardid arex $4l gld. diges urvaraAr Jamnd |
IR T ST daad gl TUleid Aldl 3MTdl 3% ged gl 3ffor
UTUgr=AT JHIOMGR Siegl ATt geul Yiddd, degl el sl fAffie (Shrinkage
Limit) 3 TEUIAI. Its shrinkage limit.

15. fidest fIBE (Shrinkage limit) 3G TR HXal Id &1 o Faid HH! dTeR
THIUT 3178 STaR ATt guigol V<R [SATURATION] 3[d. SR 3ATJUT UT0aT
garr 1 faffearedt v, aR TG JYUNTGR DIRST 813 arTdl Ao Arclt

QUITD! SRR [SATURATION] T8 AT, AT 1 CEite siae] Al
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Water Content (%) ——
Figure 2.13 gﬂ'ua?ﬁil 3] [Consistency Limits]

& https://www.elementaryengineeringlibrary.com/civil-engineering/soil-
mechanics/consistency-of-soil-and-atterberg-limits)

16. 3 ST GHd BT AT TS <1 FHIUNG b€ STedTeR, fod smaaH gaiid
HH! gId. qur Hiepet ferfire=ar ATl ATt g $ad- fRR 8. § 94 fafie
UTUgTAT YHTUM TahaRid SRIdTd TN o & HURgad HId <l Hgarel

[ https://www.elementaryengineeringlibrary.com/civil-engineering/soil-

mechanics/consistency-of-soil-and-atterberg-limits]

2.4.2 Hfe=dt fAfie: &1 arex yamnir st foiffe Ted Sd, SaR Ardl Tl
Yo g1 Rdid dgad. a1 faffie sfexant foffie | siigw@en Sdid, SR
e aqfe sferart Tt g Hewa uyH gxfaa.
2.4.3 fafes fafiie (wu) - i@ foifte § Joeuma o= gyt &t &rd @1,
HTcieT WiRe s (RUATURE fafes RUdd deauard areR TEr 3.
- U NTEGES], O munied fafes e T3 Ry SiRi= sidtfd aF
I @B AT HFTHAT Thd @ eaR Ui gk fhdE arer
THIUT TGUH URUIRT ol SiTd.
- ¢ UM a1ex THI0T 318 SATaR AT arguar! Uaait sid. fafds mafeaR,
AT AT wiRes RUFIRE forfds fRdid dgad.

- fafes aaider, 9d Arda AU-dug 9 Sideeids 0T 3R7d, IYRUT0!
R.b fHa=e/ARY HieR. [2.7 Kn/m?]
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2.4.4 wife® fafie (wp) - wifes faftie 8 &1 wure arex yamr BuH gRyINd bl
ST SR A1 98 3 it O Jd hediaR ded. SR HIudie! urodrear JHrond 3 At

. TTER AR AT T SH-Aiers FRUERA wilRes fRida deaal Il Wiked
Tt wgurdrd.

. Wiked foafe Adiae sRycer Reumdar @i YeRER 301 g0
2.4.5 Fids faftre (ws): e fofte g 1 grugrea YaTome GRHTST 3fTg SaTaR Al
I GTogT=AT YHTONG UC GI0aTdl BIUKiTel B! gIot -ATg!.

. o fafte uroarer gHTOmeT Wald d8M od 8ie SR AldiE 9T guiaot
TR [SATURATION] 3id. TgUrord, dideet Hafe=am @relt ATt SHifRreuo JeRem
[SATURATION] 3{&d.

2.4.6 WPl =9 (IP) - 81 I UTogTHT YHTUMET 907 3Te SATHed HTd Wieddl
2iqq. g fafes forfie (L) snfor wifess ferfie (PL) Ti=aTdid R T=aT THM 3.

IP=WL-WP

wL = farfe faffreasta uroar g,
WP = WRed YR qTodT gaToT.
. ® g faeumd @i SufRydiges e,
. BN USS ANHE WIReH i -ATal. AT LL 30T PL THIRA BIAN. [IP = 0]
e SRPL2LL 3, TR IP YA BUH Alqadl SIdl. IP Hefid ThRIAS 813 dhd ATal.
. W@Refedl Mdwrierar YRR AR a¥ifemur,

ol 2.3 - WIRSh T YAdh .

) EINECLE]
i(ve) (Soil Description)
0 qi-TRe®

1t05 YIS} Wiked

5t0 10| PHI @D

10to0 20| HeHH Wik

20to 40| SHWREH
>40 | GU 3= WIRCH
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HIAT = / e SRS (1€) -aTer Hiaen fofes R snfor Agfife arer

el SR 3R, WIREHAT MaRIBIAT THUNAR TRHYIRE &l S,

L WLw WL-W
C - =
Ip WL—WP

« WP = @i fffea’ld drex e (Water content at Plastic Limit)
. WL = fafs R arex << (Water content at Liquid Limit)
« W = 306 qrex He< (Natural Water content)

KT 2.4 - GHITA YD

JTUgrdt dhrewe
%IC Pt [Consistency]
[%Water Content]
Ic<0 W>WL Tt ferfds R 8@ (Soil in Liquid State)

0<Ic<1|  WP<W<WL ATl W e fRAUS 38 (Soil in Plastic State)
ATt sray3rd-3ta fRUdE 3 (Soil in

Solid/Semisolid) State

IC>1 W<Wp

faf@sdar s (Liquidity Index - IL) -
It g 3R et S B, AT S9iie arex dee T fo= wiies wafe=a
(Plastic Limit) I THRB SUTd WIRERICT ISR (Plasticity Index) =T gei-d.
RSER
IL=(WL-W)/IP

Ip WL—WP

| W-Wp W-Wp
c= =

o 2.5 - felfPgar Yaobice

UIUgrt heewe
%lL [%Water Pt [Consistency]
Content]
AT Sa/31e-3 R Ryl
IL<O0 W<WL 3118 (Soil in Solid/Semisolid)
State
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ATd! WiiRe® Ry 3me
0<IL<1 WP<W<WL . :
(Soil in Plastic State)
Tt ferfe s Rl 3me
IL>1 W>WL e
(Soil in Liquid State)

sfidrel 37599 (Shrinkage Index - IS) - § U= 31¢f-31 R ufafAfia #xa.

IS=WP-WS

- WP = Wi faftiea’ia arer s,
Ws = didot farfiiea’ia arer s,
TS 3Fal. e+l =1

THAT FSH (IT) - § WIRCRIA S0 3T vl SSRT Tt TONR U UG Pl

STl

IT=Ip/IF

2.4.7 fafesdiar Aufor: [Determination of Liquid Limit]
ufspar: fafesar amvitiLiquid Limitl:

1. 425 HshI TY M- dboled] T A AR 120 HH T YT cHE

k2211

2. T TR 20% UTgTET fH807 °Te, SaTe TRl Hda [0l TR gied.

3. g1 graran fHyor daniiswn Iusum fUdesra &ard da1 0T Uhl el

PTo! I d 3MTSd TR,

4, AT 1 AR STStwdd FHaR #1 SMfT Al Hivrare! sifafved At wrgd

Clepl

5. ﬂﬁwwaﬁ? YRS faUTiord T, HaRiiS =T SUBRUTT a1 goredl 31

LI S U] IMTA] AR U Y d diid @E TIR B,

6. HUTIST JUGUMTA Zeadl Ufd Tdbe 2 TRIgEHL ffad g1, Sudd Ardia
&M YT THABHT WUD BRI ATeId AT AT o Gaire Sgra AR 12 o

NIENIRCERRIGA

7. R, W §¢ BRGNS AFUIRT sl S-A1 Meyesd 311 off igar. df N B

igacia 3g.
8. I THATET SIeaRHTIS] Ui HIT = 310 STerfase Mg @,
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9. & fodiedr Td urgd g1 H_1 SO A T=aTd ale} d&dd, 10 d 50 & g™
SAd] IR U HRUTTE] Tad BRI, G arauiigre] sardl S o1 geferd
ERIERIEEIEGH

10.Ucl d  IWT PIeT FBUN, Sl AT (3o foq&TT — AT Whd) 9o STafagm
(3fifse - Afdw Wha) TR Iit-arnfthes TuRAR ST B

11. 25 Sclred] HTUE STATART b RITaRe A= Tg-=ara fefde<tdr (wL) H1al.

FIXING SCREWwWS

HARD RUBBER B o S e

LiI&:uUIloD LIn1IT D Evrreare
Fia

£=1

e ——f— —3}————

= é
E ———4—— 10
R i e SO 1=-s 10 >x10
; =<
— X iiz - = = T ,I,
i

AL — FOR CL. AYE Y SOOI ES’ — FOR S AN DY SOl s

GROOWVINNG TOoOL_S

Figure 2.14 YT HISUATITST e [Grooving Tools]

SIS d IYPRU] ST YT AT Db A HRUATgE! ST AR

Figure 2.15 INEERIEIEIEL [Liquid Limit Test]
(ATT: MSBTE TANTRIIGST ANGRIGT Y-diAd Hidmt 314315)
2.4.8 wTRRe® a1 fAefRor: [Determination of Plastic Limit]
TR AT Aol
1. 425 HIhI- TITY T chaiedl ol HIciedl YHR 20-25 AT =T &,
2. Ao f$Rees arex arem 3for At sgafid 10-15 A fBgesT, Suieeq o
WIReHAT aRd Uz ST 1Al THR SVl o Blsd. (G AIGIS!, ITa 24
aITet U fauar RIeRY wdl Sird.)
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3. HIARAT e Mod TR BRI 30T ATl TR-WVh HIeredl fhal A=l Wedk

ST e 3 i T ArdiEr 9nT g wdd @,

4, AT Ufehd &= o1, Sudd A IR udd ST d THaRE@ET YN TR HRd

et

5. Wﬁwnﬁwwﬁﬁwﬁ@ﬂmwmmwm&mw

6. IR AT YT AT 3feg ST UGd = ATYT W % U 3.

7. R feoe 99 Uad gF 9T 6T ST ST I IRIERT Siafaee fHesqd, A

T WiRee HHT (WP) 3.

PLASTICITY CHART

A-LINE
—

PLASTICITY INDEX Ip-
a > P r~ -
> S 2 S

CL

ML

o
o]

M1 0r ol
L ‘
oL

Figure 2.16 WIRed AT IT=on [Plastic Limit Test]
(AId: MSBTE GTE 314315 TANTRNeT ANfG i)
Arcire fafay Jae quremiadta sl ddy
1. G, w, S 3TV e AT SIRAT HaH:
Se=wG
2. SXHY GaY yd,y,w

qIdT 2.6 - AT &Y ydy, w

TR TeT dadl

0 10 20 30 40 50 60 70

LIQUID LIMIT, W,

LSl LS
Y= 1+e Y= 1+e
W r
ysat="13.— Yd=1Fw
L A
Y=" 1+e ysub = ysat - yw
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Summary

W T
W :) i
Wb 1 s

\ &(\\c\}:ha\/\g % bahudated Qmu }:'%m

1.

2.

3.

4.

5.

[@lzt Sawrated (uditin)

Figure 2.17 Thol SREITH

Total Weight = W= Ws + Wy,

[W3 is small hence neglected]

Total Volume =V = Vs+ Vi + Vy

[Va is small hence neglected]

Volume of Voids =V, = Vs + Vy

Ww
Ws

Weight of water _
Weight of Solids

Water Content (w) =

. i Volume of Voids Vv
Void Ratio (e) = =
Volume of Solids Vs

Volume of Voids Vv

PorOSIty (n) = Total Volume of Soil = v

Volume of water

Degree of Saturation (S) = Volume of voids

Density Index (Ip) = Emax” ©

€max ™ ©min

x100%

_Vw

Vv
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o

Density (o) :% ..KG/m?

7. Bulk Unit Weight (y) = — = —o VW _
v Vs+Vw+Va

... KN/m?3

Ws _ Weight of Solids

8. Dry Unit Weight (va) = —~ = =" ———— ....KN/m3

9. Unit Weight of soil solids (ys) = % = xi;gmhzszsszl;iz ... KN/m?
10. Saturated unit weight (ysat) = “S:t ... KN/m?3

11. Submerged unit weight (ysub) = Wsub ... KN/m?3

12. Air Content (ac) = :% if ac = 0% then soil is saturated.

if ac = 100% then soil is dry.

ys _ UnitWeight of soil solids

13. Specific Gravity (G) =

Y_W Unit Weight of water
=4 . Semi i iqui
Bl soua | SO | estic | Ugud
= State State
Wi ——
Water content ———>
Figure 2.18 AT HTQT
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(i https://www.elementaryengineeringlibrary.com/civil-engineering/soil
mechanics/consistency-of-soil-and-atterberg-limits)

14. Ws = Shrinkage Limit
Wp= Plastic Limit
W= Liquid Limit

15. Liquid Limit (W.): Water content at which soil changes from Plastic state into
Liquid state.

16. Plastic Limit (Wp): Water content at which soil will just begin to crumble when
rolled into thread of approximately 3mm diameter.

17. Shrinkage Limit (Ws): It is the water content after which further decrease in water
content does not cause any decrease in volume of soil mass.

18. Plasticity Index (Ip)= Wy - Wp,
W-WL _ W-WL
IP  WL-WP.

19. Consistency Limit (I) =

WL-W _ WL-W
IP  WL-WP,

20. Consistency Index (I¢) =

21. Coefficient of Uniformity (Cy) = Doo
D10.
If Cu > 4 foe well graded gravel.

Cu > 6 foe well graded Sand.

22. Coefficient of Curvature (Cc) = (D30)*2
D10+D60.

If Cc = 1to 3 ....Then well Graded. [Otherwise Poorly / Uniformly Graded].
23. Particle size classification of soil.

1. Clay = Less than 2y 4. Gravel = 4.75mm to 80mm
2. Sit=2pto75yu 5. Pebbles = 80mm to 300mm
3. Sand =75 pto4.75mm 6. Boulders = More than 300mm

24. The Indian Standard Soil Classification System (ISSCS) classify the soil with help of
Prefix indicating the particle size and Suffix indicating grading or Plasticity of soil.
dddl 2.7- ISSCS classify Prefix and Suffix for soils.

G = Gravel S = Sand
M = Silt O = Organic Silt
W = Well Graded C = Clay
P = Poorly Graded = Medium Compressibility
L= Low Compressibility H = High Compressibility
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GW = Well Graded Gravel

GM = Silty Gravel

SW = Well Graded Sand

SP = Poorly Graded Sand

25. Important Formulas

ddadl 2.8 - Important Formulas

: o : ¥
Dry Density =yd =ﬁ Specific Gravity=Gm= _—
. . n oo _Gyw
Void Ratio = e= = Dry Density =yq = Tre
gl e . o _(G+Se)yw
Porosity =n=_ Partially Saturated Density =y EET—
Lo _(1+w)G yw B
Bulk Density =y = i Se=wG
Dry Densit = Bulk Densit -
ry Density =ya = ulk Density =y ==
w G—1)yv
Water Content = w= W—jﬂ 00% Submerged Density =ysub =t lﬂ);w
e — &
Density Index = [p=—"—— ooy GHe)yw
ensity Index = Ip P—— Saturated Density =ysat lte
. Specific Gravity by pycnometer test
Submerged Density =ysub = Vsat - Yw _ [W2-W1]
[W2-W1]— [W3-W4]
D60 Coefficient of C t C ot
Coefficient of Uniformity (Cu) = SHL oefficient of Curvature (Cc) = D10+D60

Cu > 4 foe well graded gravel.
Cu > 6 foe well graded Sand

If Cc = 1 to 3] Then well Graded.
[Otherwise Poorly / Uniformly
Graded].

Problems

1. AT HUMIS! JABIHET BI-ZWBIRITT (Cu) ST Hak HI-ZBRITT (Cc) AT, SR
D10 = 0.15 &, D30 = 0.75 fHHT 301 D60 = 2 fHHT 3.

Given: D1p =0.15 mm, D3p =0.75 mm and Dgp =2 mm

1. Coefficient of Uniformity (Cu) =

D60 2
pio  0.15
(D30)*2 _(0.75)*2

=133

w

2. Coefficient of Curvature (Cc) =

D10+D60  0.15x2

1.875

From above data soil is well graded Sand [SW]
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2. ORIRICT 35% 31101 Wikftheh Ulegcl 2.67 ST Al AT
Xgs I 3fr 37 SRS Pre.

Given : Porosity, n = 35 %2% =0.35; Specific gravity, G = 2.67

Find: Voids ratio e =7 ; Dry density y =7

n 0.35

1. Void Ratio = e= P 0.538
. Gyw 267x1
2. Dry Density =yq = 1+e:1+0538:1.736 gM/CC v, [yw= 1gm/cc]

3. U@ A AR HR 160 cc, a9 310 UH 3R Siegl dl 3i¥d: TR
[SATURATION] 3/dl. < JUMUUl ®Rel RIIHl AT doi- 269.28 UH 35, A
WY UlRTl 2.64 31T, TRIRICH, g I=AT , ITEI YHIUT HTIOT =T ST 3.

Given: Volume of soil, V = 160 cc, W = 310 gms, W = 269.28 gms,
Find: w, e, n, S=7?
1. To find water content w,

Bulk Density =yt et 219 _1.937 gm/cc.

Ty 160

Dry Density =yqd =Wiry=2612'§8=1.683 gm/cc.
Use,

. _ _ yt
Dry Denls;??/ =Vd = —
w= 0.1509 x w=15.09% 100%

2. To find voids ratio e, use relation

. _ _va

Dry Density =yd =Tre
2.64x1

1.683 =
l+e

3. To find porosity n, use relation Porosity =n=—

. 0.568 Ite
Porosity = n = roses
Porosity = n=0.3622= n=0.3622 x 100% = 36.22%

4. To find degree of saturation S, use relation S.e = w.G

Se=wG@G S=—

_15.09x2.64 _

T
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4. THT U1 TLANST GHBITHCT HI-3BRITT SO HaoR HI-3BIRITT Hle!
I3 D10 = 0.430 T, D30 = 0.790 T, 30T D60 = 1.300 it 318,

Given: D1g =0.430 mm, D3 =0.790 mm, Deo= 1.300 mm

Find: Coefficient of uniformity, Cu =?, Coefficient of curvature, Cc =?
D60 _ 1.300 _

1. Coefficient of Uniformity (Cu) = —=——= 3.023

D10 0.430
(D30)"2  (0.790)"2

= =1.116
D10+D60  0.430x1.300 ————

2. Coefficient of Curvature (Cc) =

From above data soil is well graded Soil.
5. A=A T O 2000 fobd/Hi 318 10T TTclTer aTe’ YA 16% 318, Tl DRSI
Y, BIge X, TRIRTET 0T Fdiar 3 33T,
Given:
Density =y= 2000 kg/m3 = 2 gm/cc.
Water content=w=16%= 0.16.
Find yg=e=n=S=?

1. Dry Density =yq =——

1+w
2

Yd =1vo1e vd = 1.724%

2. To find void ratio e, Assume specific gravity G=2.7

Dry Density =yq =%
1.724 =27 e = 0.566
3. To find porosity n, use relation Porosity =n=1j—.3
_ 0566
1403566 n= 0.3614 x 100% = 36.14%

4. To find degree of saturation S, use relationSe = w G

Se=wG@G
g 016x27 _
~ 0586 S=0.7636 x 100%=76.36%

6. THT AT TN 3THR 160 CC TR, HTOT T Fol 3f=Tck: FIRR [SATURATION]
AT 304 UH TR, Al TUIU0 HRST ST I do 269.28 IH 3R, A Wifthd
Ufgcl 2.64 3HTg. URIRICT, glge IR, TR JHIUT 31107 HtaT 3i=1 3.

Given:
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V=160 cc, Wwet=304 gms, Wqry=269.28gms.
Calculate: w, e, n, S, =77
1. To find water content w,

(Wwet—Wdry)  (304— 269.28)
T wdry | 26928 x100 w= 12.893%

2. To find Dry density, Assume specific gravity G=2.64
_Wdry _ 269.28 ~1683
T v T 1e0 vd=1.683 gm/cc

3. To find void ratio e,

Dry Density =yq =(ii":
2e4x1
1683 =0 = e=0.568
4. To find porosity n, use relation Porosity
:r]:i
1+e
n= 0.568
1+0.568 n=0.3622 x 100% = 36.22%
5. To find degree of saturation S, use relation S.e = w.G

waG 0.1289 x 2.64
Se=wG S=— S=— "= S=0.59911 x 100%=59.911%

7. FGATE URIRICT 42% 3118 31f0T Araita Wit Ufegct 2.70 3iTe. ®igs IR 101 S
SfRICt Bl

Given: n =42 %; G = 2.70
Find:e=?;yd =7

Solution :
) . n 0.42
Void Ratio = e= Ton — 1-0a2 — e=0.724
. Gyw
Dry Density =yq = .
_270x1_
Yd = 0724~

yd= 1.566 gm/cc
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8. WW@E@W 0.6 3T8. ¥ emax = 1.0 3101 emin = 0.4 &n%’.a@mwﬁ&r

T TN
Given: e=0.6, emax=1.0 and emin=0.4

Given: e=0.6, emax=1.0 and emin=04
Find: Relative density or Density Index (ID) =7
Solution: Use formula,

Cmax— &

Density Index = Ip= Density  Density Index = Ip=

Density Index=1D=0.6666

| Density Index=10=0.6666x100%=66.66% |

€max— €min 1-04

9. TR fUbHieRgR fafRy Teamrh =m=oft deit et anfor Tl facelt FRdemo

icaall. AT TRERT Wb Ufege 2.
Determination No. 1 2 3
1]Mass of Pycnometer [gm] 652 652 652
2]Mass of Pycnometer +Soil [gm] 918 950 933
3]Mass of Pycnometer +Soil+ water [gm] 1640 | 1658 | 1649
4]Mass of Pycnometer +water [gm] 1470 | 1470 | 1470
Solution:
Determination1:
Mass of Pycnometer [gm]=W1=652
Mass of Pycnometer +Soil [gm]= W2=918
Mass of Pycnometer+ Soil+ water [gm]=W3=1640
Mass of Pycnometer+ water [gm]=W4=1470
Specific Gravity by pycnometer test G = [wz—;:rﬁj:’:a—w:ﬂ
918-652 G=2.77

Specific Gravity by pycnometer test G = S15_e52] [1640-1470]

Determination2:
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1. Mass of Pycnometer [gm]=W1=652

2. Mass of Pycnometer +Soil [gm]= W2=950

3. Mass of Pycnometer +Soil+ water [gm]=W3=1658
4. Mass of Pycnometer+ water [gm]=W4=1470

w2-wi
[W2-W1]-[W3-W4]

Specific Gravity by pycnometer test ¢ =

o . _ 950-652 G=2.709
Specific Gravity by pycnometer test G = 9506321 —[1638 _1470]

Determination3:
1. Mass of Pycnometer [gm]=W1=652
2. Mass of Pycnometer +Soil [gm]= W2=933
3. Mass of Pycnometer +Soil+ water [gm]=W3=1649
4. Mass of Pycnometer +water [gm]=W4=1470

w2-w1
(W2-W1]-[W3-W4]

Specific Gravity by pycnometer test G =

[933-652]
[933—652] —[1649—1470] G=2.75

Specific Gravity by pycnometer test G =

Average Specific Gravity (G)

G = 2.77+2.709+2.75 G=2.743

3
10. UehT HIdi=dl =TT URIRIET 35% 3101 Wikifthd Ufegdt 2.67 318, SR g« 50%
30T 100% 3T TR AT Blss = , S SIS A0 Thdh Ioid Ple]
Given: n=35%=0.35, e=yd=ysat="?

To find void ratio e,

e — B _ =03 e=0.538

1-n, 1-0.35

To find dry density yd,

Gyw 267x1
yd =22 =
1+e 1+0.538

Dry Density=yq=1.736gm/cc
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When saturation $=50%=0.5,
Partially Satuated Density = y=

_ (G +Se)yw _ (2.67 + 0.5x0.538)1
T 1+4e V= 1+ 0.538

Saturated Density=y=50%=1.91gm/cc

When saturation S=100%=1,

G+S
Partially Saturated Density=y= ( eyw

1+e
Saturated Density=

_ (G +Se)yw _ (2.67 + 1x0.538)1
T 1+4e V= 1+ 0.538

Saturated Density=y=100%=2.085gm/cc

11. G TG URIRIET 35% 3T 0T WiRifthes Ufegdt 2.7 3118, Flee WM, RSt
YT, YR [SATURATION] T 30T STaHY 1T el
Solution:

Given: n=35%=0.35,e=ydry=ysat=ysub=7?

To find void ratio e,

n 0.35

1-n  1-03s | €=0.538

To find dry density yd,
Gyw 27x1

Yd= 1 e~ T+ 0538
Dry Density=yq=1.755gm/cc
Saturated Density ysat,
G 2740538)x1
'}"SBI:( +E)W:( + )x

l1+e 1+ 0.538
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Saturated Density=y=2.105gm/cc

Submerged Density ysub,
Submerged Density=ysub

Submerged Density=ysub w

=]

T (27-1)x1 _
Submerged Density=ysub Troms 1.105 gm/cc

OR

Submerged Density=ysub= ysat-yw

Submerged Density=ysub=2.105-1=1.105gm/cc

Submerged Density= ysup=1.105gm/cc
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Hgwar Uy

grnﬁusr

w.bsu.wé

Define voids ratio and porosity.

State relation between e, S and W, G.
Draw3-phase diagram for partially saturated soil.
Define degree of saturation and water content.
Define specific gravity of soil.

invﬁun%uer

v A W

Give step-by-step procedure to determine specific gravity of soil by Pycnometer
in laboratory.

Explain the procedure for determination of plastic limit of soil.

Explain the procedure for determination of liquid limit of soil.

State relation between void ratio and porosity.

Describe procedure of determining water content by oven drying method,

wgun%ruar

. Explain Atterberg’s limits of consistency.

Explain step by step procedure for determination of bulk unit weight and dry unit
weight by core cutter method.

Explain sieve analysis test for grading of soil with the help of particle size
distribution curve.

4. Describe the field identification tests on soil.

Explain step by step procedure for determination of bulk unit weight and dry unit
weight by sand replacement method.
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gfie 3. Ardi uwaafaferdt anfor Rrr Wy

(Permeability and Shear Strength of Soil)

fawg oot (Course Outcome)
ferear Ardiean Tg=mh R Wy Fifda .
Rrsia Rreror ufvoma (Theory Learning Outcomes)
TLO 3.1 fecied Arde TH-aré! RATfaferct digfthide ¥ exoara! fiiden
URRfRyHd srifar maafaferdt fam any &
TLO 3.2 faciean aRIRYd wll Al T e drR] .
TLO 3.3 fadiedn UeR=aT ATdi=an TSt Higk $ard-hdsR 3-ga el
TLO 3.4 faaiean Ardten Tt RrR Iy fAfgd Hrugmmd! d6fed ggd amR.
3.1.1 WRAYfaferdi= saren (Definition of Permeability)

RUATSTICT BT AT T0Te 38 SATgR < Wd:He Uil aTg gd . AT ol
HR HH 3R dg] Aldiel wRaafaferdt HH erd Sfor Ardi=ar Huien HeR SRd
RGNS ST Al SR 3.

Figure 3.1 HUMTAT THRIIR Al RATfaferd
@?[: https://shorturl.at/NwX;S)

3.1.2 SR wRAufaferd fFram (Darcy’s Law of Permeability)

SRifaT IRATfSferd! o diFR Jagr TEiddiear SUTRd 38 . SRifel |d,
AR YaTeTd Urult Res HFIH drgd . g 31, ot Thra AFTH SiTd 38 SH1for T
AR idTed A6l R Tgad Wargld Uil I/ ARTH SITd ATg! SATIOT TT=T ARl

3{idisd.
DOm0 258 BN,
Soos o0, UOHREO0
O2DT20, QgL =2,
O=QFg<0% W

4

(a) (b)

Figure 3.2 (a) SIEFR 30T (b) TIed ATl UTaT=T YdTg
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(I bit.ly/4hARgvG)
SRt IRETfSferd! fad FiTar &1, "UaTerl & ANl T gasias dfsde

30T ShITTHTUN 3RT TR FRR AR UaTg fRUdt Ya=ra & de-d Ardiean Tg-=are
| I Flnd l&ﬁ
I|:ril-l ﬂ'-’f i

| [ A Parous mediuem T

Figure 3.3 SRifen wReafaferdt fam
(I https://bit.ly/3WPpZgZ)
SRt FOaER, RR AR vae RUdd AdEYA Ydgrn o g1 srasiad
Ufgde=an de Jamud 3l

V oal
V =Ki
7Y,
i=Ah/L ... (Ah = h1-h2)
Srffe fEmrgER,
Q a VXA
Q=VxA
Q=K(@Ah/L XA
Q=K[(h1-h2) /L] xA
oY,
V = Hiex Ydherd Yargrn ail/
i = HicxHe gragiieles Ufgde

Q = YdIEMI &R BUleid /39 ald i

A = Hiex YR EAhes-Ae] ATl AT iy 2
Ah = HIe0 e g1 RS

L = Hiexaed Ardi=ar Tg-=art aiet

K = qRugfsferdt ot
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3.1.3 WRAAfIferdlar ufkuImy SRV 4e® (Factors affecting of Permeability)
ATl IRAEATSTIET aR URUIMH SRUIR 3 U 3figd oY i,

1.

7.

HUMET HHR — AT HUTET DR TG AT HHT Uidhed] FHIU gid, TS =M
ardtd ®H Wugfaferd fa ad. Wy, SiegT Ardiaed OIS HUT 3ard degl <t s
Tihe! A0 Hvd, e 3=t ATt sifde wAafaferd! aviad.

AT UBR - aigd! Al oRd Mihediges oRd WRygfaferd! g2fad a’ Mesr Ardt
T ROAfSferd axfad snfor Rrswomrdt ardht Bt waafaferdt axiad sRur Adme
Sl YIh ST 3.

Gihed! UHTUT — Siegl UTufl AT aTgd degl Hididiel Uidbed! UTuft ]S Udrd 3Mfor &
Qiped] URATd. 3R UHR UUGrET 97 Sl gldl. URg Wbl YHTUl diged At
TRAGISfIS arga SMOT Tidhedt THTor St e AT RAafaferet o 8.

YTUgT= TOTaT — SR ATt argdT urofl 3ifg e @R g1 <l Ubadld HSH
YATeT AFId 3{SYes AT B [dhd SATes UTugrdl HaTg HH! gidl. UM, HI0de!
SR IO FgoIqul AT SIS [

TR Tt - SiegT ATl quiqol HRET 3RId degT dTat UToft /MY O b A0
M UG YaTg HHt 813 Wbl Jofut J=gReM ATt urvft 4g e Wdhd Sarges
qTugTl UaTg divTell gial.

AR 4R - ST urult S srsa G219 ared SRid degT Tl UaTe UehT URTd Sia!
TS U8 SIdg Sdl URg Sl UTun ST ST fGRM a18d 3d dagl Tl Udig
3 YRTAYT ST S TS YaTg HHT SR,

Ifeg gerd - v g gerufen Sufudige died! srsys fAufur giard enfir
S AT RAgfaferdt st g1,

3.1.4 RAYfaferdt '{[UI'IH‘TI% fAufor (Determination of Coefficient of Permeability)
A) PIET %3' AYS (Constant Head Method)
3fET -IS 2720(HTT —XVII) TIR BHi<e< 88 UG WHafaferc = e fAuRor,

JTERU - I 58 AU YD, ol HIcT, Ty, Agucs Ryeied 1 €y ara.
ArAuiiE ST - DHie< ge AUl aTiR Hfdd RASNET AT bal STdl Saiel
RATfSICTET TUh U K > 10-4 /AT (T8,

YRS Heey -

Maharashtra State Board of Technical Education 53



Geotechnical Engineering frsiefaaa st (314315)

Figure 3.4 RETfSfrE AT srisat
(&d: MSBTE lab Manual)

7 :ﬂ Overhead tank
= ] Overfiow

-------------- = Inflow

PIT B JUB| Bl ol AIoHIE 3l

Figure 3.5 PIC< g Al
(A1 https://bit.ly/4aTGOlr 3TMUT https://bit.ly/4hHIWv4)
BTG -
1. .4 e ey e uliaH .4 favall g aTescied HTde AT &,
2. TGS I-d (S AuarTa! ATdiHed AT 3PAH SHTdgdd (OMC) Toft 9.
3. Tl STdid gHIIER, S Wie 3101 dHiarar I drdl. 99 Ticdl YRS BieRA
FAHY B,
4. TR AE 99T WRHHCHS TF Il WA HR1. IR aU0E 34 IR &
TA® IR HIFE DRI,
PITR Dlal MO JrATHIS! SRl Al foH &1, IR o Wi HIal.
ATcl fheex UUR S1T0T GIv61 Toj! Afwss SISt S clehl.
S dUH Hits 3R 34T, TaR e TRbe aruRe JTaR 9l hY S,
AT 81 HIg CIHUIMTS T IRHHIC Hics AT aAT STolal 310 TSR e,
. Hrar=r THITIE W1 GToares cTohId gsdl SO df R ¥ I Jg sied.
10. IRHHCI=AT Sdic Aloladl Bicc g8 dick bl ASCAC SIST. JTAET TSR &e
§G .
1. RUHIe= 33cde ISt A0 dBr=AT UIugrA] <lbiaed Urofl a1 o1, fRRR varg
R IUFrI3t STl des dIe Ugl.

© 0o N o U
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12,9478 'h' A0 FRUR g8 JIST. TG 351 3R () Hiooarre! Ridexas) urvar
THIUT (Q) To8T .

13. AT WA 0T K = (Q x L) / (A x h x t) Y1/ T& HIST,

14. fedean At Tg-are WeEafeficar AR e Hequamme! aiid Jd @R
3{TURET G de3T B,

ftaror -

1. WTCrAT TG ofell (1) = ... 99

2. T T AN (D) = ....... 4.

3. [l T C/S 8BS (A) = ... JH.

[BRIAIGET| -

| e | vt Srdrer iR wor | Sdperg | TSR U K =
SIPHIP | ae | Arefifrardnimerq | dwr | (Q/(Axhxt) Seibiderd/

1
2
3

4

@ - RR 31 - T
I - MSBTE lab manual
B) I %S'ﬁ?-ls' (Falling Head Method)

3T — 1S 2720(HFT —XVIl) TIR BICHT 88 Tgel- TR OTidTd YL,

JUERUN - IS 58 AUt SUSBRUT, Gol PIel, IpU, Isgucs Ricied il €y ard .
It IUGAAdr - HIGHRT 88 AUl diiR HH RUSS T3] Bl STl ST
RATTSTIET o U K < 104 JH/Adhe 3R,

RIS Ye3ry -

%:
§
|
i
5

Water inlet dIﬂ

Permeability test set-up

Figure 3.6 BT 58 dl Aol 3Tl
(i https://bit.ly/40JKexF)
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Geotechnical Engineering

BTG -

1. .Y et ey vl 2.4 fhdl gam diaaiedn Ardlan TG &,

2. S{TIRGS G FHSTAuaITS! ATHed ATl 3¥aH 3Msdgdd UTull Tre,

3. Tl 3Tl YEHRTIAR, S Wid 0T dhieiRar F¥ odl. o Wicdl TR PHieR-
FA B,

4. TR HIcHT T WA dH e IR WRT. IR d0EA Y, IR H TdH

UR DHIUI B,

PITR Dlal MO JrATHTST SR Al foH 1. IR o Wi HIal.

S gAY Hics 3Rsct! 34T, TaR I TRPbe aroRe ATaR I HY S,

I a1 Prge eI UaTId] RIVER HIGST &R St TSR Re.

. Hrat=ar Tg-ag Il TugrAT Clbid ST SUIh Fﬁﬁﬂﬁ Y T qu HEN

10. IT0OH HRAHT K S UTSUdl Wi 39de Aold oiiel. Rl TR Flek 8¢ B,

11. IR 33ceie IYST AT gruft srex arg 1. fRR ydrg R1fUd givaridl ®lel d
g1 Ugl.

12.8S 'h1' 3N1f01 de5 't1' TS,

13.%¢ & URUALHd UTUgTe)! UTdes! WTae geudd Qe I &l 88 'h2' AT Aa&fdd 9 't2!
A&IT .

14. G URTRIGT T0TTdh K= 2.303x a x L/ (A x t)] x Log10 (h1 / h2) 311 AYSlL.

15. facean ATdi=an T URITRT TRRT 01 HISTUaETé! alid 9 a7 SHTURAT &H

© o N o wv

93T G5l .
fdiamr -
e -
1. AT TG et (L) = ....... S
2. Il T AN (D) =......... 94N
3. T T C/S &FHS (A) =........ 4L,
4, WS URTAT AN (d) =............ I,
5. TS URUd C/S &8FHES (a) =..... .
[BRAIGES|-
N TS XS | goal sifq | sifa N
Osudl | ORUd | den |geardt| ®O| | i RAgfaferdan o
g id | oMl | g1 | W9 | §S | A t- (o | KT12303raxL/(AxtX
| T )a( MDBR | t1 h2 | t2 _'ﬂ) Log10(h 1/ h 2)
adt | R h1 | dbg | 9dl | . ; RSERE
® & dobhe
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1
2
3
4

T - RR S UgdA fEdean AT IR TR O ............ qHi/Aehe 3TE.
A - MSBTE lab manual
3.15 u@uﬁ%ﬂmwﬁ@aw GE'I?Tl?[ (Numerical on determine
Coefficient of Permeability)
3. 1. Al T4 RR 88 Witeqs) quryvard STel. = S ¥ 98T 31for dfe Qo
T Bl QW et fRR ge@reh Lo fAifHeid wo TR fewarst et e, YR unid
e,
fGdd-D=4cm,L=10cm, H=15cm, Q=70ccandt=10 min = 10 x 60 = 600 sec.
JAI-K=(QxL)/(Axhxt)
QU™ - K = (70 x 10) / [(t/4 x 4%) x 15 x 600)
K =6.189 x 10 cm/sec
A - MSBTE exam S19 model answer
3. 2. o ARY T HIY-JaRAT hes AT 4 I I e A= THER
I 8 TR A0 HRUATd 3Tefl. 0.4 Y} AT T Usundie uroar urdes!
31t AT Qo0 T A Wo Jrt U WIeh A, YRR Ul fahelt 3MMR?
fqdd - A=60cm? L=15cm, a = [7/4 x (0.5)]] = 0.196 cm? h1 = 100 cm, h2 = 40 cm,
and t = 30 min = 30 x 60 = 1800 sec.
- K =2303xaxL/(Axt]xLogro (h1/h2).
SUIY - K = 2.303 x 0.196 x 15 / (60 x 1800)] x Log1o (100 / 40)
K = 2.49 x 10 cm/sec

FId - https://shorturl.at/YmoZb
3.2.1 e (Seepage)

HTciigA UTuft arguare Ulehda fIRU0! Tordrd. f3RUTl Burs! ATdi=an Ya-d WRasd
AT arguR uoft, fRRuvmed fgfirdi gaern faR S sar wmed 37 afas a9d
I fERM Faerd!.

Seepag

Datum

Figure 3.7 HTAIAT ¢RUMGI ool
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& https://shorturl.at/pngMJ)
3.2.2 fUarfes NIEE| far s dIg (Phreatic Line or Seepage Line)

Phreatic Line

+ve
pressure

Figure 3.8 HTdI=AT ¢RUMTdIS forTfedh g
- HTCAT RO TS U1 YdTgTedl axed IR e R TUrdId.
- BV VAR e TaRaR Hleedl HIvdTa! Yol DRfed g Fordmd.
. frfes TR R - it saSReRes IR, § SRE! xidd @1, Urvamn ore
EEUCECIFERS
3.2.3 ATdeAT YRS 5 (Seepage through Earthen Dam)
1. quit0l Ty UhReaT HId=aT 6RO sl Ko

Slope
pitching

Topflow line
called phreatic line

——— ———
- . ——

II/II////V///I/flllllf///

Figure 3.9 JUIUUI Uehye YhReAT AT YRUMTT 5l ST
(| https://rb.gy/ap88nc)
2. QUTRT THEY [TURTIT TS S0l Sidreug s YHT. ST S5l Sidhees ATl
R G U TTesdll ga! ST,

Figure 3.10 &fdsT S99 sidredg JuUTRd Tha faHmma st
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(Fd: https://rb.gy/ap88nc)
3. AT YR U A YT b el fecamaR TTesdl YT, AT YRUTAT YRR
TSl YY1 ITeT Ub R Ufdeford .

Phreatic ling

A ST I Fine sand
" f Coarse sand
Gravel

T 0em )
Horgogfnous 25‘\ /
embankment ot D
ot A v X

fill IR TATTI 1 ST

Tnlil'l hlm ; r nl|,; d ;::r; .I no
Figure 3.11 AT GRUMTAT U fAHRT A 2l e HedHaR Tadd
(Fd: https://rb.gy/tz4hq1)
4. 331 Foraofl §9 Raca=dR A=A SR Tesdl X1, 337 feraoft 3 dierg et
.

Filter matertal
r in layers

/ R
£ Vertical/inclined face

Figure 3.12 331 forqult $9 QRaIAR ATci=T YT SL
(FI: https://rb.gy/tz4hq1)

3.24 %RTI'U'!TI?IT T (Seepage velocity) (Vs)

AT Uidhes I AYA TaTgTed ovTTal TTesadT a7 FgUrdTd. TR, ST HadTd araxdl
T TEId YR SIdl. gRaRal of (V) U] AT Hq0 a¥gHHIgd Jargrl af o
AT YUt ¢/s SETAYA FaTeTe avl. SHTfOT Ay WUlTel Y, TToft A=l Wad Uihadiae
qIed ®BUH had Uldbos 14T SHTf0T hi9-TaRMd &3Td YaIgrT ol faaRId &,
AR YaTeT fdaR #xdl RAgfafacame! SRt THIERUTIaR,

V =Ki

Q=VxA
qUT, TRT=AT Hd,

Q = Vs x Av
AT,

Q=VxA=VsxAv
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V = (Vs x Av) / A
n=Vs/V=Av/A
n 81 AeHd § U&l Sl 3ral . WU, fIRUTTTET a7 8T aRa=1 dI0&T AgHid SR Sl
3.2.5 W qld (Seepage pressure) (Ps)
U] JaTelex™ = Al HUMdR gTuarel Sl & Usdl ardl [SRYURT g
ISUdTd . 8T GId UTudTAT YdTeredT feRiT f[deg 3! .
Ps = h X yw
S, h = UTogTEI SRAT U SO yw = TTugTe fafRy ao=
3.2.6 WdTg T (Flow Line)
AT GRGAMI febdT HICTAT eRUI HaTgTa faRTT aRIu=a1 a5t YargTid
YT ST YaTg ¥uT g Urard.
3.2.71;I7:I'I'6'\_r|1&'(Flow net)
UdTg NI, YdTg afe=ar SHfo1 Gaded Wi Afthdra UldfAfeie arer UdTg Siie urdrd.
o JHWYTG IWT (Equipotential lines) — JaTE XN STUNTHE UGd - Seum=aT o1 T
UTUTTT Q19 SeiedT X1 ST FHHTT YT TgUTdTd.
e 4Ig AIfg=T (Flow channels) — & TJHIU Jdlg YWHY 3Gcicdl UToared] Yargr=Al
8001 IR O qifg=aT FUrdd.

m Equipotential lines

Figure 3.13 P CIRASIES
(FId: MSBTE exam W19)
YUdlg STl afdreed (Characteristics of flow net) —
TdTg SITeTcd UaTg YT S0 THTY ST U HG T SR T dadrd.
T I BalagHe qaR e e fdhdl & SiaTol IRy 3.
U difgriid dTguI=aT UTuard JHTUl Sacdelaes YRWd 3.
AT AR URHTU SR gTagITere UfSde SO UaTeTan ol SiRd GRigdTd.

A wn = e
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5. GIF GHAY S JHTed g GHM 3rd
o Tl Hed GIECITﬁ'IT (Applications of Flow net)

1. AT Tosdd YATUT 11O TTedcian gId AfYd w0 Suged 3iTs.
2. DIUATG! [dgaR BASRCICH GId Tl ¢ aTuRe [H3d ohdll SIS, Xdhdl.
3. grgiiae AfSde Hisol SUgdd 3.
4. eRomeT fRRAT ge i HRURT sferte g teft AegR HietdT A,
5. Ul HegR fSardia uruarean grareh oMt S0 Y SR,
6. RT=AT AT STHRI T 310 GedihT R0l IUYdd 3HTg.
3.3.1 ﬂﬂ%ﬁmfﬁgméﬁ Shear Failure of Soil)
ST Adtasid RIR qror Arciten RrR= didbdluan SRd $[{d degl Ardiaes) RrR
o 3Tg.
3.3.2Rmr i?ﬁgan 'tﬂ'lm'ﬁﬁ wies R (Field situations of shear failure)
1. S8 @Y HIdaR SR HR.
2. AT SR UToR Syedm ATt fRRR Bhegsr g,
3. T SIURH HHT S{dHT 0T At I Rycdid g,
4, AT fid gyl U HH S
5. Yeh T U HTdIaR fAd HIaR0! HbTH 813 Wdhd ST T6rs 813 hdl.
6
7.
3.

. HRR IARTD TATH YT ek 1ges R ?bvg&R' 81 Xhl.
8 U T3, 3101 3{Id SIEUIrNg ATdld o@id 813 .
3.3 ATt BRRR '\‘%21 Shear strength of soil)
AT aGHHTAT [APalRIard STRdld SR RRRER M0 UfddhR 6Rugrdl didg el
RRR WY wurdr.
° ﬁl’q??ﬂ'UT(Shear Stress)
TERE Ueril gEHRTRIT SHiaR &1/ SRURT arol Jral RERET d1or oA .
ATHAL, I ATdiaR fhal ST Ardeed YRGS 3.
o Rz ufdsr (Shear resistance)
RrR WY @1 ufdeR HRUMIET Ardi=ar a¥gqMM ddced] UfdeRial RrRe
Ui R TEUTdId.
3.3.4 HId=aT RrR yfaeR™ 9ee (Components of shearing resistance of soil)
° a’ﬂ%ﬁ? (Cohesion) (C)
AT BT Uhd U $aul g1 Hdrdm OreH 31Tg. Tal THH HonHed Shyor
g 3Ug! UIAId. d N/mm2 HE |- ST,
o 3idifa gfur (Internal Friction) (o)
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RrR arur=n fedges ardi=ar suid ddd R faRimo=mges gl fagdiar
BIUT=T UfdhRTaT 3idiia ayur W urdTa.d S=ITHed Hieid SiTd .
° 'FﬁET DA TR ﬁl@'ﬁ (Mohr Coulomb Failure Theory)

HIg¥™ 94 (Mohr’s Circle)
gl |d, Rrad aror fifor Jramg aror giem R fHyomrges faure gidl . SiegT drdi
fRFeRe 7O =T 10T I 3T dfegT ATt fears A S,
% T=f@©) ... (1)
1, «f = Rz a1 3107 6 = =T dror
B g3RAT dob! AU BRI dldbe UM, UM d_id FHIBRUN (1) Qe TeTgHIon

TG ol A5,

o» Tf=S=f (G) ...... (2)
%3, S = RraRdl didhg

SiegT T dTomRi Hefdd fRrR a7 wiie ol Sidl, degl duR STedl deb YT Y TR0l
TEUA OISl ST,

T; Failure plane
Mohr's Strength
. =f(o) Envelope

Figure 3.14 AIgd a4

PrarET fSaH (Coulomb Law)

PIArE AEY THIHRONT 96d $Hd 3Mgd ST DIAEIuR, Rk WY IR o=t
Yetoesen Wt A R ufdeRere qRfad. Siare @i IHieRu Tad dad
3Tg.

S=C+octane  ...... (3)
1, s = RR Ky
C = Blgo
@ = 3fdid gy B 30T o = JIHTG Tl
UM, Qe [t ThT TehT IRes X8 Jaddl S,
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S=C+octan g

Failure Envelope

Figure 3.15 HIgR-PIaNad 94

Pigo A dTUMURT W&o 3RId TOT off AT S0 T dad. Sfaiid iR
TR oM AR - A Iyl W H& ST oI [TRBIAT od dag] THAAER

foars gial. e St a9 uRIRUH Saadid oY &,

i)

Figure 3.16 A" HANS [CTHIWT -- Higold Tqea! Al i.e. C=0
!

]

0

Figure 3.17 HIgY HaANS fAThTHI -- quig0l Sigeid AN ie. @ =0

9=0, 74=5=C

o —

i)

Figure 3.18 A8 HAIE [T - Digeld C TN SdTd T80T @ 3Rcied fafay Aima!
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3.35 QU ferwTwT (Strength Envelope)
ST 4 HIeR a1l Uh ATHG WIRidhT PHleal ofld degl a1 WfRfeT I
HIARUGTA e Jed ST o= R EFg A0l gRiadrd. a1 S WiRidar

Y feThTHT TUrdrd.

Failure envelope

Figure 3.19 ¢¥ feThTwhI

& https://rb.gy/mtlkew)
3.3.6 © YT GHIHRUT - TUITU Higer AT 0T Hlge THaAd! ATAITST (Strength

Equation for purely cohesive and cohesion less soil)

)

=0, ;= §=C

o —

0

Figure 3.20 HIgY Al fIhT - JUiTl Hige AINTS  ie. @ = 0
WU FHiHR,

A~

=S=C .. @ =0)

i) i X

T.
ki /16

0 -

Figure 3.21 HIgH HANG [T - Higor Auaid! Al ie. C = 0
KUd B,
t=S=C+otang

3.4.1 YANTTST tl&'cﬁ (Laboratory methods)
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STIvac AT ¢ (Direct Shear Test)
3fEY —IS 2720(HTT —XIIl) TIR SARGE RrR AreofigR A R }y M3 s,
YD SRR R A0l JUHRY, RIIR dled, Sl heR, 99 &ie, UIe wicy, afeds
IS, A A dlfed b 7, Wi 71, Sd 19, Bl fSgrad 3for W,
U Y3y -

Pressure thimble CONSOLIDATION DIAL GAUGE {s.rnAlN
. INOICATING
, / / 2
Test ol saanple / A NDLE /v arm DIAL- GAUGE
o LOADING PAD PROVING RIMG
b Cover plate o T
Top box 3 / HAND WHEEL STEEL BALL
— 7
\\ / / 5
The shear box -{H _@_ - - - - -
f xed pin . .
—_ HOL DING
SHEAR — T SPRING
Box
E = :%t:'““
// —
Connection pin / / N L
-10A umr. “'—]
‘\\ Eg LEVER WEIGHT HANGER
l
tiont box LA DING
/ 3 \ ,t/ FRAME
i/ . Concrete sample
Pulley/ \ anp

(a)
Figure 3.22 (a)ﬁmvaﬁﬂ&@mﬁ&m(b)mmaﬂvﬁm
(@FT: (@) MSBTE lab Manual and (b) MSBTE exam W19 model answer)

gfehdr -

1. %oy forft HeE ST W fhall gaT aresdedn A THAT B oSMfor .38 fiEdt 1S
EICAIEREEI

2. MR Sigad Siarid U@ HIS. ST ¥ aTae SIRTET aval YR AT YRR
SIST. 9 Wie araT HIRf Siel.

3. UU ol SRuarITet, Tt axeT ST @i STy A1l GldaR e (BxiRem)
qIOR T ST, IS Wed? Ifeds ai1s ol

4. 99 wie, U8 wic ftr Afwss GeM RMSR STeRTd ao 1. Hiatdl =TT STRqaed .
ATILIS TdeR e SR SiaRgaed T o,

5. TSR Siagal AT AT YA Al HRedTaR, Al 99 Siaad aor .
SRS 3T JIdTd goi- BRI 10 SidaR ANSTT US Sdl. ST IhHaR 3Ryl
EICSEREI

6. SiegaT I et YT Mgt R Jussia Smom. YISt gTerend s YU quTT.
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7. QST USSR Sl dicar dIfST i SHdl. T [TRITHTE g HRUAEIST AT
gihar SIAd ol aaT T &fas fIRMART ig FRoarTet HeRaR gl SEd I
o{dl.

8. TR AIU AN SO SNfST TidbeR 0.4 N/mm2 d Wiice ol ddl. 3w fawim=
ST ToTd e A& .

9. T T Plal. WRIT TP dT0FH, IR U Wl HITUET ATST aR I SlUldh
3R SR SR T STHRIVET TS TS 3. WRIT & Blal.

10. 7Tl RMSR Begar glsudd o fydl/MfAe a1 RR M &fdwr MeRr dis .
Bg3RAT dd! MR WY SUH Yuararal Faffd aesaa siav[ Mg R, 3w
IR S 7ot 3N1fYT &fasT AT S1d Tord aTe- Ydbie B,

11.2.0, 84 R0 N/mmR SAE! AHR AUETel JHH Fg-giaR Aol g1 o1, Ardia
TSR Y AMYTITST FTH AqM07 & G ST U 307 Sidiid Sird /ST ¢4
g SIS WU U3 3Med daR B

Bastfit line
T4

t=C+otand

0 g

Figure 3.23 3{TelRd |THT=A 10T . RRSR aror

(@FT: MSBTE exam W19 model answer (Diagram & Procedure))

° %ﬁ?ﬁm %E(Vane Shear Test)
3fET - IS 2720 (HTT - XXX) TIR a1 MR IrAviigR Al MR dThe Fid ol
JUHIU - o, Pfdecs cidp B, TSNATBGR ANl HeR 3T <8 a9 MR argoft

q@m @E’B‘l‘q — _?— height adjustment
angle of rotation display i
with drag indicator i
(360° scale) T
springwith = :
defined resistance |~ &

vane — &j = ‘f

specimen -

electric drive for
vane rotation

Figure 3.24 9+ RfI3R TTAU SYHRUT
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(FI: https:/rb.gy/kdbijtl)

ufehar -

¥4 HRIHI IS ATes Uil SR dRI%b ThaY ATl TebT ¢HED &7 310 SIS 3faral
gudd Uroft OTe. d TR e,

TIAT HeRALT 3l AT SHTIRIS TG DITE DI, BT av] HRTRIT TRl
e it G B,

TEAT Rl 99 SR IUSHROMAT SR AT A& B 3101 7 SR JRf&auon
CREI]

4, %ﬁmﬁmmmﬁgeﬁ%ﬁﬂﬁh@

AT T HHIT BT SYBT UM MR B g8 YT WAl BRI S0
3T a1 YT ATl i=aT T=aTa] 9] HRTOET St HaT Qo i wref s,
BRT HeHYUT T&ITd &,

7. Tl (0%) T URNG are- T&iTd .

9

T SOTRN IRUAd Tleh WdheR god ANIRAT ATAg a-aT Sarol 0.8/Ug] THIHM
X b,
Cldbal SifaH aTe T&Td = (02).

10. G aR ST, HIAHT YA lel S0l ek Waws B,
11. ™ ATdidid 0T 1 Uroar=a] JEmueRld SR G| Ag-iardl ol aRori!

ARG BT, TR BIARUGT! dTdhg Hio.

12. Tl HISTOMTE], T= [(©1 — 02) x 1t x K] /3¢0 (W, T= T, (01 — 02) = BT B,

K= TR Hedmyum).

13. HIARUTATH! didhe HASTOINETAT, Tf = T/ {rt x [(d2H/2) + (d3/6]} (N, d- 9T a1 (FH,

H 3=t 3t (), Tf = HIaRUATH d1ehg (fhal/AH1?), T= ARL bl el (hall-T).

3.4.2 BTONEE Rraw G'Q"IETI?I (Numerical on Direct Shear Test)

3.1, STRGT RaR Iraviaed @reld Femr Tigael M,

M 10T (N/mm?) 0.013 0.027 0.041 0.055 0.069

QSR 0T (N/mm?) 0.025 0.030 0.036 0.041 0.047

TTHRITEY XY TAIBTHT DHTeT 30T C 3f0T o =it fbad =me.
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"7 Shgor Failure Envelope
" Normal sfress vs. Shear stress

B-q-l-q- o - .ﬂ A et -
RS MR A Scole: S i
~-axis X-axis: lcm =058 Nimm® &
g

" Y-axis: fem=0.008 N/mmi T .
AR (0.0£9,0.047)

—
o
<
w

E -]

Sheor sfre{ss(r) in Ni/mnf"
4
s

0010

pebadhiionsdilcaara) + > > -
0000 0.030.! 0040 : 0080 .° 0460 . 0474
: RO, Yo Sumpeve: roves
Nfmm—>

"0 ¢ oo 5 e bt e
7T Normal stress()n

-

From above graph:
1. Cohesion C =0.020 N/mm”
2. Angle of internal friction ¢ =20"

Figure 3.25 3{TelRg HTHT aTor 9. TReR aror
('vEﬁ?[: MSBTE exam S23 model answer)

0-049
0630 ik

et a8 B .y -
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Hgwar Uy

AERIUICR' L]

1

2.
3.
4

5.

List any four factors affecting permeability.
Define: Cohesion and internal friction.
Define permeability of soil.

Define shear strength of soil.

Define flow line and equipotential line.

EERIUIER'E]

1.
2.

5.

Define flow net and state its characteristics with neat sketch.

Draw shear strength envelope for purely cohesive and cohesion less soil with
sketch.

A sample of soil 10 cm height and 50 cm? in ¢/s area water flows through the soil
under a constant head of 80 cm. Water collected in 9 minutes is 450 C.C. Find the
coefficient of permeability.

A constant head permeameter gives discharge of 305 ml in 270 seconds under a
constant head of 870 mm. Determine the coefficient of permeability of soil
sample was 120 mm long and 78.5 cm? in area.

State applications of flow net.

wgurr%rusr

. Explain the procedure of determination of coefficient of permeability by constant
head method.

In shear box test, following observations were recorded at the failure of soil
specimen. Find the value of cohesion C and internal friction ¢ by graphical
method.

Normal Stress (kgf’cmz) 1.00 | 1.50 2.50 | 3.50
Shear Stress (kga“cmz} 0.80 | 1.15 1.42 | 1.70

Explain the direct shear test to determine shear strength of soil with neat sketch.

4. State conditions of seepage in earthen dam with neat sketch.

Explain the vane shear test to determine shear strength of soil with neat sketch.
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gfe 4. ATdd STEaRM ATfor RS

(Compaction and Stabilization of Soil)
fawa ARy (Course Outcome)
feeiedn g1 99 A1uds Afgd HRugrrs! Yefeid HIeeR Ugdrdr aruR .

Rrezia Rr&ror af¥ oI (Theory Learning Outcomes)
TLO 4.1: SR Haiftid Ugdiar aTR de fgaedn TY=Td SR gldl .

TLO 4.2: 3UY DHISTIR ¢¥ YRR Aret FRuiwRumt defdd ugd arow.
TLO 4.3: 3TTY DHISIIR faaiedn Arataan Ag-=ufe etk T A3 o
TLO 4.4: fadtedn uRfRUdId dad Bl Ihadg diodeld Jalaiid gard Rigid Wy o,

4.1 ATdI HIFGRM (Compaction of Soil)

4.1.1 SR GH AT (Concept of Compaction):

AT ST UM ATd=AT SUMHAT gadid Uldbest dHt die ATl 9-dl dleduaT
ufshdT, IHG: Tifd ATEOHET aTR H&H. AldEl dide, R 31 YR I8 HRUdRT

& GURUl § I8 318, S dl UR, I[d 310 Heury JRRBAT SiUhr B3]
IR g7,

SiegT ATt dIde ohall STd, degl HU Uha arad Sdid, e Uldhes il ST (HTd e
HUHHT 3fdR) HH gldd. TS A gd1 301 dibg dled, S df URRATA!
grerand 10T fapaitan e UfeRiy® ad

4.1.2 Hre=AT '\‘Iﬂv‘ﬁﬁlﬁ?ﬂ Bi'!ZT (Purpose of soil Compaction):
o dleddl dlh ¢ (Increased Strength): W[%IH A dide SIRd &m?r, J%'Uﬁi[ Gl

fapd =1 BIdl SR R g D= b,

o HUI T fRABII (Reduced Settlement): ITHACHRUTS I

P RRIGI0 S gI0a Hed gid. Ydiad Auadl Al HIAaRE Ygpiad

13> Qhd, ST TRAATHD TH UM B3 Wb,
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. gmﬂr—r YR Ag BV &l (Improved Load-Bearing Capacity): g
dpfad dadl Al D g IOl G g B Ydbd, UMY df ¥, SARG!
3101 3R YTy Jfai=n urardl a1 &+,

o GUTRT fBTSHUYN (Improved Durability): THIAIHROMGeS ATt YU 30T SR
TATaR UM et T e RRIGI JURE L.

o HHI UYTUGRN YRR (Reduced Water Permeability): At g Hae fat
YR HH gld, SATY UTugTe RR®1d I[UA TGd gld SATHes 9+ UG
8IS Whd.

4.1.3 Wits TR 1Y SR ATIAP 3018 (Field situation where compaction
is required):

o T HieRE fafay &t ukfRdiae) dew ofd 7Y At fRRdr, dree
SATIOT HTIET SMURYT TRaT, Hedry fdhal HIudTg! YhRT URryd JiauUia!
Hew@r 3d. A U &g ufkfRych smed ford ehae sfawad 3R,

« I TTYBTH: ITITAT BRI (JaUS) Tehd Al HIHIde B0 STIRID 35 SUIhe
JEIP AT HR e+ H& Udbd ST T NG bl 3T FRUIR U1 dR gradl.

« UTT FIYPTH: SHRCIAT URIRATNS ATd] Bide HRu MTaRID TR WUlh e A3g9Ta]
RR, Ao urn YAfYT Isd. SRHM SRS axil 3T ITTdS TIRT Iaq,
b dId.

. PeUTYy FIYPBH: Ulausl Il HIUR boied] Hdiar Sige uifgs Suibe d
fqami= Ch-3iith 0T eff ST M| YR gdadl fdbal sheh = HRaT gIdI Abaldl.

. dsfra: T uraamRh sryced A1t Hidlae Hell STd Solee T RR ST
VY gEUNT TR BIsd ol HoRl ANl U] dideRuTd gaauaIRd fdar
TSR A,
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SYR 3T eROY: ¢RUI, §ie 31O FiYiTd], ATt Hide HIU TS 318 SUide-] Uh
SRS, RR ToAT TR 8ied ot YT dacied] grogred] §u 311 gamel faeR H
.

- ¥ed ¢ IATOT JARE: Yed ¢hd IS AU Fa-daRe AR A YR faaRor gFfda
HRUGTTS! 31107 TSI aoiHrarc! ST 8IvaTy HideY HRUGNIe! dhiliae oal Uligold.
Yed TAMT YR GURT HAAd! &8 fhdl Xddl dR (FARe) S@id Hilde oal dligel
Sl Al AT TSI JUT=T STefhatd Qdkdl SO AT YU UfdeR &
.

. IaR w0 afor A= ¢u Fra=or g vare Y&aa fdhdr §u godr
YRIAT HH HROMNTST A YU gIvaE edl SRl YA, S &1 39 IdR fdar

. TTYd FauiEardl SaR Ao on d RR Igd 3Mfor IRgH dadedn Ardi=an
Sioeld giarEl UfdeR dd At WEl HRugrral Ref afa=ar 9/ /el Ardl
PHIUFE Bal S, IGTd HH HIAF], WaDhH BTN M WRaTdd RRar
AUMTST ST dhithd (34T, TR fdar deIiardl) araikar sidde bl
PIRES

4.1.4 WSS Ylael o (Standard Proctor Test):

LSS Uldex S (SPT) Bl U TSI ¢ 318 Sit ATl e dbedrar it
SR SR BRSS! IdT fhd SPaH 3MTedl UTd &d g 33dd. T&I 30T uran fegms—as
SiUBHTAT IS AT HIUaRM AR THSH YUaNe! 8§ Uh Sawid o 3118, IS
2720 (MTT 7): 1980 HISTIR, T3S Widex oxcd! RS 30T qURMAdR quH dhal 311G
XAy SIATdT O-IdT HaY MYTIRATST AT MR AredTd Hicdl T Hiide HR0
THIFAY 31T, WIel e Ufsha=n 3MeTar e 31Ts.

U SUPHIO:
1. UTaeX HTET: 1000 cc® THIRHAT ST 12cm I AT SSMATHIR AT,
2. gTarsT: 2.6 fdl (5.7 UYS) grateT QR It 31.6 cm 3R,

3. B IS d: BRI IR I YR SIUIRT YR,
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4. FRreetep: AT g1 HRUATATST 0T AT=ATA I HISTUITHTS!.

5. 3ffeg: AT 7Y GHfauaramsy.

6. METAT 3r¥ciel UTH: SeTdT HISTUaTHTAY.

7. AT 0ft: ATAAYA STUATETST (ATHIRIG: 4.75 mm TS U ST0ITETS!).

1
I

| M43mm |
le— diameter —>|

\I -I}_denofhmm=25kg
(mass = 55 Ib)

0.8 mm
(Zin.)

(a) {b)

Figure 4.1 A& Hldex ox¢ (Standard Proctor Test)

(‘v'ﬁ?[: www.constructioncost.co & www.researchgate.net)
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1. % uferar (Equipment Used):
T AT TR HI0L:

o SgHY Al 99T Jdd doHd HRST M0 4.75 mm AU
EICNIER
o JIATHT AT IHMER (JHI: WSdsid AIGT 8% d 20%
Td) AT 3FH® T TR B,
2. BIFGRIE Ufshdr (Compaction Process) :

o JifeIS SYaR Il &a1 101 Rerd I goi .

o TicSH U T HITT SIS (THUT HIdTe g egweal AR T qaiais),

e GIAlSIA 25 IR IR B Hldl B BRI, YD Hedh! Jraayol
RESIERSIUGZNISIG]A

o TN IARd HITITS! IT Wi GRIgT HRT, T! 25 TRINE SHTURE!
G RS HITae B,

3. duiqd (Weighing):
e BIUGT BN, IrEl BTl M HIde beied] AIdNE TId Ioi
h.
e A FHIBSYdd AT BleT MO HGTHH THAT HRS B ATt
3{Terrar et g .

HIRe g4 (Afda s (Determine Dry Density):

gA dlu- PRI gl (Determine Dry Density) 0T X

Weight of compacted soil

Dry Density= X100

Volume of mould

4. AT AT ARRITSY GARTGT HRT:

ST AT SMEAATS! aRid TR GoRIGe! T SO SRS o 1. Sfierar [t
%4 wWic Hl.
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4.1.4 TR Hd (Compaction Curve):

TS IR Hd, T SHATd1-°dT Hd BUH cuId fadd SId, § A ldeR
X (SPT) fdhar QuIiva Uieer ¢ GBI HIA! HRel O=dl o1 Sficiar Arnfiaefid
TeuTd Wi Ufaffa e, €1 ©d ATdd! SIaRH aireed JHSH Yuare! STaxas
&H% iy %’3’9?11:[ 3drar IRl (optimum moisture content) fRuffva suard Hed o
SR AT SR SR PRe! U-IdT (maximum dry density) TG g1d.

Proctor Curve (Moisture Density Curve)

-3 Maximum Density

Dry Density

<3 Optimum Moisture

Moisture Content

Figure 4.2 HIUGRH Hd

CEIGE www.globalgilson.com)
. DIXS U (Y Axis) Dry Density: Tdhal 3dral Ul g cldedHaR drdrd! gdr
Ixad (WU, Ul gfie sleqd=an AT o). JHTd: Hoil/TAT ALl HieTd Sl
. 3fiamar IR (X Axis) Moisture Content: AT T S¥cied] UTUgTe GHIOT
Ui Hd, AT HRSIT IOl cahaRiAl JUTd oOad bdl Sid. TIhaR! (%)
e Hiolal.
« SR R HRS I9dT (MDD): § BRI Hd aR U dhaie Faidd HRe ool
3MTR. § 35aH Siiamar qrdt (e <t Tefia o
. SUAH 3MTedT IFER (OMC): 3darar Il ST ATdA SRdd SRd HIRS IdT U el
T FAH HTeTal At WOrdTd. 81 d avid fog Mg Sl asbldia dared fagRit defda
3Te.
4.1.5 X[ 4T 9158 3% (The Zero Air Void Line): I U3R diss I HILaRM
HId! Il HATGT 3R, ST Ud g9 By (BIUIde! (% 7 U -Tal) IR YHR Hilide
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& A IR AT T e AHUMAT SRelid SIRd HIRSAT IRl A&fId 3418, 81 3l guigol
JGifdd 318 30T IRATAH PHITaR URUTHTAT Ja-d arRel o

Y U3R dIgS T (Zero Air Void Line) AIAT HIWaRHH! U Hg@Te HebeuH 318
3T Al T i ST AT e e} g3 S A Hilie dgifae
ST SR PRS! ITdT GRIFAUITTST aMuRel! SiTd. SiegT 94 g o+ IpfiF WRad srRard
(TEUTS, 100% IR JgT & WA HRSdT g-aa Ui Ha.

A TSR Rad afies Arcdiean wurdt [afRiy @ (Go) Sfor sierar St (w) arae- diora
STd. Y TSR digs fagar HRSAT g-ddl TTUHT ruard G 3Te:

Gs.Pw
1+W.Gs

Pd =

]

e pd = YA TSR A58 fdgaR RS GdT (g/cm?® or kg/m?)
o Gs= WWWW (Specific gravity)

o pw = UTUOE! Y-dl, ITHMA: 1 gm/cm? fdar 1000 Kg/m3
o w = AT FHT (R TR™UT, J<T. 15% = 0.15)

4.1.6 '\ﬁ%ITﬁt_c[ UTde S (Modified Proctor Test)

JUTRT Uidex ¢ § ofs Siydi A [ar MR He iR SRl
DU 3T BV PRGNS ST dhoiedl AHG Wiaer cwed fiaar amg, oy
3P DHIRM YId AN bl STald. a1 CeHL YA Hidex exeadl Joqd Se gdlara
IR 0T e HldaRE ufohar TaIfay oirg, aRomdt Al SRdtd SiRd diRs gl
qad.

1. ﬁﬂTﬁ_d Ulae? ¢3! ¢ ufehar (Test Procedure for the Modified Proctor
Test):

o G T TIR HR0L:
o ST AT T HRS B 307 4.75 Forft TresvigR d At &,
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. AR UHRER YR GHRId: 8% o 20% Wid dTaiTedT Siarared
IUNE 3 Aldid T TR B

2. DI gfshar:

o T TG THI (1000 cm?® BIegH¥E) UM dRIHH .
e 457 cm JHaA 4.5 faball (10 Ib) BTATSIHYA 56 AR TG U U DHIEIdC B,

PIRS TdT gor 31T FHraffea s

. T4 W HIAIC SR, THUT gl M HIUARIS! DItiae doied]
AT T8 o .

. Ploqdd Al Blel 3N HGTHH HRs H&d Al Hierdl
IEPINGIEGERY

. PRSI T TUMHT HRUGTS Y aToR].

) Weight of compacted soil

Dry Density= X100

Volume of mould

2. AT SATAT AT GARTGRIT BT

PRSI gaar fa. 3NdET IRl &d wWic HIUGRITST dTavTed] iiardr S
(AT 8% o 20% T AT X TraT B,

. ®d wWle P 3Te:

d1T- 3&TaR DR T-Tcdt Ged HTIOT T - SHefiaR SHIeirdl Qrdiie @i ol
SYAH 3fiATaT IR (OMC) R SR SIRd ® RS °-dl (MDD) W 8lsd WY &d
T fARIY 9d- 3R Hd i,

JUTRa Uidex e fAera:

w
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ﬁmwmm (THSISY): PRSI I Faid WA AT HIaR Hadiid

« IVAH ST ITHA (OMC): TATaT IRl SOTaR SR Td SIRd SRS g-dT Ud.
FUTR Uidex <ed TR JMERId: dleld SR Tel g JHTOM Hidex cxedyd uid

T Jod JHRIG: o SRl SIRd $IRe I1dl (maximum dry density) 30T &4t
YA 3Tedl It (optimum moisture content) R

S UldeR o ST ﬁ‘c‘-ﬂﬁ‘d Ulaey o ¥ dddl (Comparison between
Standard Proctor Test and Modified Proctor Test):

v Wi AT Uigex e gURT Uider e

1 | SIS ao 2.6 kg (5.7 Ib) 4.5 kg (10 Ib)

2 | gIR S I 31.6 cm 45.7 cm

3 | Wi e 3 5

4 | vfd @R IRI e 25 56

5| SR SIRd DIRS Gl G| 3

6 | Syay 3fierar gt 3 G|

7 | SR el ST 3
HIAAT STGRIER URUITH HIUMN UeHh (Factors affecting Compaction of Soil):

PIUTRIGR URUTH FHRUR BT UeH:

n  3TeaT ATl (Moisture Content): 3i@rdl IRl U AHED 3cied UTogTd
THIUT, ITHTId: HId AT HIRST aol-rdl cadhaRiedl ¥ UTd odad bl Sild. S fard]
il U DT 3R R Hlcdid 601 YRY G107 °Teld ATgid, SMHes BNl S STl
HAIT gidl. SR 3T Ul YU SIRA 3R @R el UTo ®lggd HRd 31Ul dRe
g dT HH! B, AT BT A Ul Uideied & d.

= H{IAHET YBR (Soil Type): TSSIA-GIUIGR HId! (Y DI Ty 3101 ¥d) A
PHIde HU AU Td HRUT A AlS HUT P Fgorgul Thd Udh ol ol
YHdId. BISH-aieR ATl (RIGUTATAT ST s TRWBAT) HiFide HIugTe! Hidd
UOd HRUGR SRR T 3d HRU ATl Biedl HuiHed s glss
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SIRTATC SHTIOT o SHITRR AT 3iftieh HdgA=id rdrd. Sarexony, s umrdian
JUTHT HITaRM HSAuare! e SMEdl avad 38, TR WU A S d
U faepe fhal Hitfae o0 B3I 813 b

» PHU ATPRM fIARUT (Particle Size Distribution): HIGHE AT THRIAT
TNTeT-gol T HId! (QTaTTedT HUl BRI Humag A 3ifiie Iie Srae
30T HRS G=dT GURATT.

" HIUGRM H‘I\_rﬁ (Compaction Energy): PR Q:lTrff U HI R T
TIIGR T SRcied] i JHIY], Sgad des IR m?htcﬂw o ST Tilerey
aﬁm:ntriﬁ @M fdar guia) aren sia=r Jdigr Mt od Sid. SieRE
WWW&@HWWWWW RO SRS T S B

= PHIURM IUHIUNAT YD (Type of Compaction Equipment): ATl dilae
DHRUGTST ATOR SIUMRT IUDHRO BRI UiohdaR A&ui aRUMT & Jhdld.
fafaY g Rd B e IUHRO! [ U 3101 FRR ekl Ua= Sard, it At fapedt
IR UHR HITac bt offd Jrav TRUMH .

» AIUHMN (Temperature): A dIAM AGHeE qogrenr fadwequn ST aa-mex
RO $Rd. I dYHM FHRId: 3Tgdd STHTA @R diedd, Sares 3Tadl Bt
1% Uhd, UM HIUARM HH JUTE! gid. HH dYEFEes At Mg, ehd,
DI SR T SHIREH Fd.

. lzanaﬁsﬂ(vaO.ds) nﬁwmiﬂaw WWWWW
o, §a1 Bl5gd WU JaIed Sd. SR BE"FQ%‘HGR 06I$6H OhJ-IIcIOhJ-II
P B0 2 SR B A B B UH. I I Blegd HIUdCS DRI
Taa &g ue e dHdrd.

= HTAIE! WERIET (Soil Plasticity): TIRSIdbc! WU sheb [dhdl Sb 7 Bl At
Aice fdhar fagd HuaT & gRiad. RIGUMdRET THHd AR 3 faivd:
TgdTd 3lg. I Wi e (33l FRIGumndh) sriciedn drdt gHTdg Hldde 6ol
YD HIUS 318 HRUI d fadhe 31 TS AT SHdTd, UM HUl SGaul Holul Bld.

= [rdtdl AT (Soil Structure): HIAAT d¥GUMIG ATl HUEl awyT fdar
FEET AT AT a1 GO, ale, gas el GO HI-US dhad aied)
3! AT HHI: 3Hide YU Bl dHrd.

» IB (Time): ST HIAGEHER PIURM AT Bl STdl. GUBBOId BRI
T Iifd TR 819 Rdhdrd, faiva: faeumrdt fdhar Riedt ardiemdl. 3
SfierarTe! 3iferd ae 4d.

4.1.7 BRI Bies U&d (Field Method of Compaction):
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ATRATGR AT HTRGRM (Compaction of soil by rolling):

RAfeiT & A g o I YURUANTET Fald IHRIg0 aTaRedl Su Bhies
Ugdl0a!l T 3R, I1 URhAHe) HidRa YEHETR Tife a&rd nfd/fhar U dang
FHRUGNIS! SIS Ay fohal dImiaet HRAA aToR0 HIAY 3], S A HU1 A& Thd
HRUGR YT UTSd, 8 Rlegd HHI Hd ST AT B-7dT dTedd. SHR, BRuse! Ior
gdR T RR g gAY sxugridl 8t Ugd Sige™, I S 10 dedcyd
HIGAT THTUNT JTURe ST,

AT HIGRMHETS!T qIUReT ST I YBR (Types of Rollers used for Soil

Compaction)

AT YHRY AR NTATAT AT YHR O BT HTaRghdaidrol aroRa

CIGIGH

a) TBBIA-ATHId A (Smooth-Wheeled Rollers): § TS@Id Hcd @IaNg Al
GSMAIDR AR 3ed. d Adiar RR qd1d (a5) dF] HRard 31 AeR e IRbard
dogT AT YPHTId HAId. AR Toi § BRI HRid T i 3. a1, ¥4, ST
FIA WSHIIRBAT UYeR A HIUde HRUGRIS! Jarad Iugad 3], faLva:
IRTT =R ST gEUTTER.

WG HiadT, FUIe AT GHTdT 301 gEURTRAT 4R U Hd rudrd i,

Figure 4.3 ATHTGR AT HIUaRM (Compaction of Saoil by rolling)

e https://stock.adobe.com/images/soil-compactor-for-leveling-ground-for-
foundation-and-on-road-construction-road-compaction-equipment-at-construction-
site/1046847254)
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b) FTIHE AT (Vibratory Rollers): RIS Y T DU HRUMAT SHA T 3MTed
S AeRGR ITIRT S0 SaTaTd U U Wl Shed. $U- AR 601 Id HRuary Aed
B ST T YIS THEIO TReT ST ®idiae HRUAN AT od, [aRIvd:
P UHRINRE THEd A, ael gar 31 THHd AdTS! e, o ATHR:
X, T STf0T deaaard! Taisw SHIaRMAS arad Sidrd.

WGl gl A HY qrgige HIMeRM Bl e, e ThHd A qard
DI WA .

a) et Pc Jad (Sheep foot Rollers): AT JHE =T Ul ThRIARY In%
Ui Uy fdar @Rt 3Migd. o=l HERITAl fhaag ekd a9 HidiaR gald
MU, AR Yo O SGAHET U A Y= ddld 101 Hiliae HRdld.
UM UhfAd ATl (e orardt onfor Redt ardt awem) sfor sirear kiR

B HIVITHTS! ATIRS ST,

BRIE: IRIBG-CUCR Aldid hruaREIrat Sl Tl WRiF WA HIUaRM dIR
HIOTTITST YHTaT.

b) TG -Ypodm I (Pneumatic-Tired Rollers): %WW TSR Clq{-THs I
3Ted o ATGR gard 0T TS fopdm Qg AN FRard. <, o ARy arein
GITdTd, AR bR ST AR Wl &Tal. HXdeh YT Hrdiel e aiTed
OPR PHIUdE BN Had HRd. dRIB-aUGR At (Riegq 3for ol aRwe)
HIGC HRUANIS! AT UGeR AT IR JUI HROANI! aTiRd oTd. d S=aTaal
T STYBTHIG IR STdTd.

BIIGT: T [bTesld bRl UM oxd 3Nf1 ThiRAa ST 91H-Ush-They Gl A

qTuR SIS, Xhd.

IfTER AT S IeRM (Soil compaction by ramming):

e fohar maffed Y| AT Hilide ST g1 T H-ga3rd fdhar oref-AdHed U 3
Y Ao IRE HieaT IAAERNET aT0R ol SIS, Wdhd ATl aAd JIdl gEHRTER
JRAR IR a1 URUMAGR A IS AR S0 GHIAY 3115, Wad, A6 deag! [dhal ur
MO GeURETat Aldl Hilbae HRaF Tl AT RUMADIHd HIURM AT
AT FeheHE I B aRM fa=Iyd: THTdt g,
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I T yeR (Types of Ramming Methods)

a) I\I&ﬁ&lﬁ I (Manual Ramming): % e gata Helyd UhR G{I%’ 3o E’Iﬂﬁ
Irdacied] QYA ATl Afdaafarauul <ragd bdl Sidl. giaredl gealeiar (fdhdl TR)
qHI: GSaRl Sead uTe, S8 U@l 9 (Sgddal 5-10 fahdl gorTan) il HIFTR
DSBS dIadd! 11 AR Thdl, TAD BehRI HIUde Hal. THIATH! Qdkdl ATl
HUIHT Fpfed dRd, FaadTd 3R HH B SfO1 g9 dTgad. HY3fd FHET IR d&H=
YT, IS fdhar Sugaadr 3for Wew fohal 3aR SIFTATST e wial S Hiea dsrredt
eI Wehd eI

b) AbfThd I (Powered Tampers or Plate Compactors): 3feH EI’TI'CT&W 3T A
HIARM, AbfAdhd YR fhdl Uiar dIR TRl SITdTd. a1 TR 3Hfeeh JTd [kl N
HRATd IO U TGS 9T AP SHYdTd. YR W HiWdex (@gddal "WR" fdar
"IN Wi HilaeR” TUH HS@d 1) JHId: dUR STd. 1 A9 U JuTe
wWe ffhar U e o SHfid FRa, Wi ST s guTdi GaemT HRoam T
HIUdE HIUANY AGd HRd. DI Ge [hal IRAH Th $HU- fdhdl UG- 3TeRd 01 3T
STt ATl SR 3faRd HRT Ursd. $u- fhal YU ATGHed a1 0T Sficmar faifud
HIUAT Had HRdld 301 A 31 ggqul Geb drdld. g1 BRI ArH=Id: 98 o Jey
SMHRTAT HRT IR STdTd f51Y 3=d JHTUNG HIaRM aRad 3d. d auieR AT

30T T AT AT UTaes dRITa! Sugad $ied.

3) U AT HIURI (Soil compaction by Vibration):

HUAGR HIA HIHGR gl Al BiFde HRUGMETS! Jaid UHTE! SO SaTUequl aTaRed
SITOTT UG Ut T 3118, faRiva: gmoigR it tehid Andae. ufhdas) arfias sua
TIR HRUGNTST HiUd SUBRUI dToRU JHIAY 3MTg, TS Hldild $HUN §g1 TafRYd Hard
30T SR HIBIRIFI RRTGAd. 8 Ugd [dRNd: ATkl 9-dT dTequaral,
S-SR &Td GURUITA! 101 dBTacd! Yoahe Dl HRUARIST UG 3Tg.

HUIgR HIURFHNT Tt T 3MR: HU- AT HunHeid gy HH HRugy Hed
HAd, S o gaAdrd 301 98 aRd R g1 UdhdId. T Uiehddges A gad
gy 30T SAraT HHT gl AT AT Tl dTad.
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1. ®YUH (Vibrations): HUT IUHRU ARIHE TR BIUIRAT A ara FH{T
HRATd. T HYA HUIiHT fohferd gafavary eRuflyd 3xdrd, S i1 Gl Hafkyd
BT SIOT 3Hfeeh TeU0l Udh bl Udl.

R. eIl XTI (Energy Transfer): UM IUHV RIR fdhdl Wie IREAT) =1
I YUBIGR BN FHoll HIHE XAIdRd ball SiTd. Ioif HIUaTs! Id BT se=
IS U Hed dhRd IO AT HUTHT S8R WaeRH e HFT Ursd.

4.1.8 HIIS T BT (Concept of Consolidation):

TS Ggee Uisbdan e A7 SER WS fbar qararen gurareTel dqw A
DIATR THUTT HHI Bid. & AU &g Uvgrel §gUR $ede gid, UHsIH &d
YOS H-TSRM JHAAdh 3T 0T Ury fE2e 3o Rer=ar sHfRkige te

Hew@yuf faarR ofg.

PANTSIA UBPR (Types of Consolidation):

Tl S-SR (Primary Consolidation): SicgT &% UT0AT Tdd SNERaTel g Hled
STd degl AT URI®, g8 SRR, ANl IRTRdAR 101 e f[a=medar sfaceg
1 ufera feaq, A fhar a8 Sxfia ary wear.

gH RSN (Secondary Consolidation): o] K1 2= oo G G 1 ) | R 1LY |
IRaMdR, ATdd BT A AISN AN hedies dldl 838® APHad 81 Udhd. §
g HHIE 5B 3118 T cRio! arudIai- Yeadc da-aR YRUMH B raval.

PRI STOT H-HITSRH HeNd WIS (Difference between compaction and
consolidation):

i | afkra BTG (Compaction) HIIST (Consolidation)

gifch ATLHIGR §al HIgd A % TUAr FEARIY

VO Y AT Ui, HTcii<dT JATOT Ob%lld UG
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s - f&g aroft qeTaraTelt 1
2 BEW| mmﬂ (Wﬁﬂjwm T SITd, SATHeS Aldid HUT
5 3qud fbar fdbfaa siieeR A o gTell, FTEd: IRIb-
3 PR (3al. dTes, 4). QMUIER (34T, FRIGuHENd, ).
M Ufshar, a9 fhar feaara qui | g ufehan, AfeA fohar ad
4 PrefTa EII SN,
: i 3ficrar ATERfl, SUHR YR, Ut | ATl UbR, dle ar, Al
6 | OB SIUANT | T Sy, deaal, daed, grr. | Siudh ST Aiear armyd
gfae.
. Jo5-Xadd; @iRd Ty, do5- 3fTeTiR; gof guf groam
7 | 9 S R 9 ARTGL.

R. AT RSN deeuan (Concept of Soil Stabilization):
At RS | T I9mafAe, Wifds, gifie fhar teia 0 o o siftmiFeh 3D

1T HRUGNTS] HHBad Hicira (AR IRgd fdar gURa.
ATc fRUSHRu € U ufthan 3ig STgR AT Wifdd o SUiaR dieds™ HRuggdf

HIIHGSU] dThard 70T .

4.2.1 11t FREH01 Sazgs &I'I% (Soil stabilization is essential):

1. AIS-SSMFT &HdT aTEel! (Increased Load-Bearing Capacity): fRURdr Al fRR
BIUOM Had Hd 98 HR U+ HRUTMH! &Hdl dledd. 8 AIYd Hd o1 R, FAR]

30T WY JNIRAT WRaT fRR Agard 3Nf1 dHGad ATcdige’ daid

fhal ggd ATgd.

[a N

ool dlstll
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2. gUTRA fCHTHUUN (Improved Durability) : RR ATl gaTHM, 4T {07 UrogTa
IURNY 31 UfRiy® 38, § d7diedl yaiaRuiiy aRfR¥da sifde fewrs
9d, foRIYd: 9¢ -IdR AT ATl UIdT SraeiedT YITId.

3. A for ol i fGA0T (Control of Shrinkage and Swelling): CARGIGI
o Dt fogd FIRIRET DHIRSAT SO 3iet S oI AT plad gIoar Ugd
Bld. RIS B giBRS YU S HIUIN Td HRd, TR S0 AT shep
PIGCIREETGH

4. aftfq AT SreRE (Enhanced Soil Compaction): RO GHTTdT HH B
R g1t 31fd JgoTu0l Hitae el SIS Jbd. HIUARMTeS Tl gdl URd,
Sff SRS Hewaqui 3Te.

5. WI-UHTdY FHIUTH (Cost-Effective Solution): HIgcaR Al RR H&d, daH
IERT STTd HRUT 107 °Teor Arve St fhmraaRiR o Wdhd. RRiHR dF
RTe T IR H= Tehd, TUHH Td HH B,

6. Ya I=go (Prevention of Erosion) : dIX] 3Tfor EITU?JTH@’ E»PFUH @QFIFIT R ATaT
3P UfeRIy® 3MTg, o I fhaT ATy At SrgaiedT YT faRivd: Hed 31T%.

7. Pri&Hdd GURUM: AT RS0 ATGNE S B0 JaH HRd, Al GEITadl
JUR STO7 IXATAR YD THRIRSAT St Ulehdd divTel giRomy g,

8. S@HTA HHI HRUI: RR ANl didh, T onfor Rt w1t e xa for

N

BTy S c@HT TIRIHd HH! HRd, SIS dBa3| Td §49d gidl.

4.3 ST if=far 93T Y= (CALIFORNIA BEARING RATIO):

SHIAPI-AT ST IRMAT (CBR) AT AU WA Tdh SUN 318, S YR IS
WY TN TIREHAT (S IR Wi, &1 T SgHdS] ¢ 3118 Sil JHIiorda
fORCTgR ATG=AT TR Ufdh R Jedidh dd, S aig-igR SR ar] 3Riciedl YR
3PV HRd. YGARIAT YR dIUquiararet dral fbdl aimell ®ERRT &d 8
BRATITITS W3R Hed AgayUl 3G

4.3.1 T.91.3MR ¢ (C.B.R test)
e ¢xe=t ufsear
1. AT YT GURY (Preparation of Soil Sample)
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. T fae: <1 3@t dEl e il oika @ fddol A gfaffa
HRUGTTST AT TIR Pl Ulfgol.

e  DIYRM: AFG UichdT (@gddhal UM Uiacx fdvar GUTRG Wiaek HIUaR) a1+
fafRry sfiemare Irdtar grdl AHEId: TTd Hiliae B oild.

o ST GREATE: 152 mmedTITET Gl ERId: CeHTal auRell Srar AIfor Arciean
RTT @il TR 127 mm 319 2. Soaking of Soil (Optional)
4 feaq urvard Sl Srd, S o IRE STl Sedil HdgaRid SRIced]
ATcaTe! favva: Hgwayqul ofre.

2. 7AR & (Soaking of Soil)

. TP YAy fiRed @MU 1.27mm SO Hiddde dhoedl ATHE 3Td U=l
HROGTAT fRR G gIaell Sl

. fafRry Widitar AT YA HRUGMTST Sahd 3RIAd UR (Fgdeal 2.5 mm 3ol
5mmuaﬁr§m=ﬁ'aa?r\—rrra.

. Ela'QTI%ﬁ@T'ﬂWZ.S mm 30T 5.0 mm TTEIaR HISTa ST,

s
o rroving rinG
—
DIAL GAUGE \‘
] PLUNGER 50 mem dia
! |
SURCHARGE WEIGHT
+ 147 mm dia
1273 mm
INNER DIAMETER OF
MOULD 150 mm
Pedestal of Isading machine

Figure 4.4 1.8 3MR ¢ (C.B R test)

@?[: dailycivil.com)

Maharashtra State Board of Technical Education 86



Geotechnical Engineering fSrenefdaa sfortafi (314315)

3. @IS HISHIY (Load Measurements)

X 2.5mm 3T 5 mm T Udestak HR HiSld, AF® RSO SIS awds
A HR (O HeH IrTft T aToR SiTd) SHd d&Td odd SiTd.

g 30T WiciieaT Ser=aT STUR T YRl d JFdT SITdl,

4. 1SR YTt UMET (Calculation of CBR Value)

o ISR TUHT GTa=ar 3HTd TRl RGNS HaRGd el died! qa-l de
THIOId feRE e SISNTAT STaRTD S&cied] AT JeiT delt SiTd.

Load for soil penetration

C.B.R= x 100

Load for standard penetration

2.5 mm 30T 5.0 mm TARTERIT Facedl a8 (e ) Jét aFe YR SIHH 1370
foar 3for 2055 fahel SydTa.

5. QT (Interpretation)

TR TSR g A et i1 /AT SUGHNe! aiadd Ja@ 318, 3
e g $1fd Hogd, $ifid R A1a SRIfddrd ot o7 YgeRTan YRAT 9944 &3
Yhdld, TR HH i HAGAd Al Jiad dHdrd FiA1 (RKeR01 fhar aeigdiaoms]
JTTIDHAT 3 .

4.3.2 AR 'FEQT%[ W’@W (Interpretation of CBR Values):

o 0-5:gU TS, HIchl, I SUBIHNS! 3.

e 5-10: HHPAT AT, A0 GURUIHT HTaRadHdl 3R] b
. 10-20: HeOH AT R, fhhe BRSS! THg.

. 20-40: TTSTAT YA, IgdDH HRUsS! [SETadt Widr.

e 40 T IR Holgd A, HRI IGERT BT Wb

4.4 HTAHT qld (Earth pressure):

Maharashtra State Board of Technical Education 87



Geotechnical Engineering fSrenefdaa sfortafi (314315)

4.4.1 |l Eﬁ'ﬁﬂ TSI (Definition of Earth Pressure):

AT gaTd WUt Al fhaT WeSHigR daR FHaledt didbdrar Ta o s 3t it fewagm
34U, T, Ul SATel agd dol 3101 TReRiT Hdle I1eul, g1 gald Sfiegarg ] Al
goiHTHes HTOT ATGH=AT aFTU[dhIaR URUMH HRUIR SR DIV Uehiga gid, S Bl
UTUgT 70T, HTcd HIEaR SHTIOr a7l HR.

4.4.2 fayiii=ar a1 ursfyfi=ar Ardian 19 (Lateral earth pressure at rest):

IR Se[w eI AT GaId TUIS! TATET TR AIgR ardRed] STUm=aT &fsT garard
o oredl, S @ RN grerae gid Al (g, fHd fRRR Igd 3nfor selier foban
SfqufTa Sra e, a1 Rudta, fidi=ar am ardt s Rydid s 1) Ard wor foxdrd
fohar Tpfud 81d ATeld 30T Seweld qaTd HIvie] gIerard BIuaTyd! AT SR STd
fciar 3rme.

Figure 4.5 dluj\d>snlc1 Tl a1 (Lateral earth pressure at rest)

(\‘;ﬁﬂz Munfali.com)

The lateral earth pressure at rest Po is calculated using the at-rest earth pressure
coefficient Ko. The general equation is:
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Po=Ko-y-H
Y

Po = JARd UTY ATcian gard (Rid=an ufa gfae e
Ko = fagifcit Hicit=m gara {urich

y = OTda e ao

H = =i S=it

Il YbRd Al e JrEMad: Fichd ATciedT SIEUe SRd 3d W Aspia ardi=an
SISTUET HHT 3.

4.4.3 Afepq A= ald (Active earth pressure):

Hfchd AT &I AT SRgHMIE (fhaT STesiel ST fRIte) TRebdl degT T IF-aR
HTcigR aTiRed] STUIRAT diodsid arardl Yy dd. a1 gesaaiges ATl 3= fdid dighad
519 ot age guiul HRREAY A9 30T A SO SUaRn fAHHd Reva
"3UgRfl" g1 ANTArd. URUMHY, ATdigR araRadl gad HHl gidl 3o St gerar fRR
gIdl, STl Ffehd gaTd TUH i@ Sild.

+AH -AH
R R R | AN RERAR R AL DN
..'.'.'.“ .‘.,-:".._.-_"'.( \ ., :. ..: :. .|j.'. '. : '." ..‘ ., : ::;-"s‘ ! i

S \ E Y
[ Tk (at-rest) VB4 Phactive 4 7 (passive)
= \ || Sel B o

\ |} failure i Soil

|| | wedge H failure
Y [ o’ wedge

Height = H | .- Height = H | |+ Height = H |}/
" 18N 15
| b
¥ y:
a) At Rest b) At Active Condition ¢) At Passive Condition

Figure 4.6 AT <1 (Earth Pressure)
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@T‘l: Mungfali.com)
4.4.4 fT<pg ATl 19 (Passive earth pressure):

fAfsra ATl <Te TEors! SiegT WRa-=aT ST ST IRavd (fdhal AT saad Siid) Siegl A=
SigT TETe fd AT X TRebd degl Sadd, Segl fiid fohra fhar Ardiean 32 eharel o
Jeg1 fsp i vrciten gre fasfyd g

4.4.5 HTTAT gaTaTd VTP (Coefficient of earth pressure):

AT SR UM § Uh MW Jed 3T of AldigR 337 SEM3! ATdigR aroRed]
SorRar urgf A= SR yET oRiad. ARl Tare aryuRar B fSar saR e
ferga SqvaTeR H FRURAT HIiT=AT SaTE digdn (Y eR0 Agaqul 38, AT
TS A Tt Ui SRd: b Sy .

i) aferg AT odid '{[UIW (Active Earth Pressure Coefficient) (Ka):

81 TUlich ATl ST GIaTeAl Fichd ATl alald YT GRidd SiegT ATl Sle’id aTod

fehd ATt gaTd 0l (HT) GATGR fael Srar:

Ka = tan? (45°—/2)

Y, ¢ AT afd gyuIT=r B 3MTe.

i) s g AT Qdid '{[UTWT (Passive Earth Pressure Coefficient) (Kp):

SiegT ATt ST dTe fhrd SramT ATl piad obdll Sd degl g Ul 31T GIarA]
fAfsha Arcian grare yaTor gRifad.

fsp T g1t gara o Ut gHTgR faar Sidl:

Kp = tan? (45°+¢/2)

:

Maharashtra State Board of Technical Education 90



Geotechnical Engineering fSrenefdaa sfortafi (314315)

. o T fcrTd TSI B 3.

4.4.6 ¥ Rygia 3fOT @TET SFIWHERT (Rankine theory and its application):

AT grarEr e Rigia Hiifas damer gayd Rigid ofg S SIar=T ArdigiR
TREAAR (S B IRGH $qumt R fohar aram e A gre Ffda HRoamé arRar s,

1. Ofepa AT gara (fF-ar Ifehd AT ga19) (Rankine's Active Earth Pressure)

SiegT ATl fadR HRuar fdhdT IR g Sivarh qRart feeft Sid degl § Swdd. fHid
TRE (AR gR) TR, SIS AU GaT1d BT g,

GIEREICIE AT GR

Pa=1/2-y-H>Ka
q;
Pa = Hfshg AT GaTd
y = OTd giHe go
H = i St
Ka = Tfhd AT GaTd Uich.

2. frse g |t gara (feraT fArsp g A= g91d) (Rankine's Passive Earth

Pressure)

SiegT ATl I8 ol STd fobar [t faeg edhaell Siid degl 8 Swad. fHd T
(AT &= IRabd SHTOT AT 1 STl UdeR .

fferg ardi=r ger O

Pp=1/2-y-H>Kp
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s
Pp = FspIa HIdian gard
y = OTdd gfHe aoH
H = fadi=h 3t
Kp = frsp i |TdiaT gaTa uiie
3fp-Team ATdiear graTeaT RyGiare YRV (Assumption of Rankine’s Theory of earth

pressure):

i Jeam 31O TeuTfoRfed SrTedTd TIfed R S,

AT UH Y 3MTg AT Uhuy HHT 3T,

fd Y gdd S ATt AT g fudia @fory fdar fAfspa) digha.
fRidien wr S fthe ggHIT Ut (@) 3R,

TR HIUdTe! YR e AR el Sild ATa! (U, Sfafed a1l drs reh).
3id geUTaET I AT SRGHMT 94 [SgaR THH 317G

o vk W=
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Hg<ard Uy
aﬁﬂlm%usr

Define California Bearing Ratio (C.B.R.).

State the necessity of stabilisation.

State any four field situations where compaction is required.
State Terzaghi's equation of bearing capacity analysis.
Define OMC and MDD.

irmjlm%ru&r
. Explain standard proctor test to determine MDD and OMC of soil.
State the assumption made in Rankine Theory of earth pressure.

U WwoN

Differentiate between active earth pressure and passive earth pressure.
State assumptions made in Terzaghi's bearing capacity analysis.

A

State necessity of compaction.

wgun%ruar

1. The following observations were made using standard proctor test on soil
sample. Determine OMC and MDD.

Bulk density gm/cc | 1.65 | 1.95| 2.1 | 2.2 |2.15]2.05
Water Content % 5 10 |16 |22 | 25 | 30

Explain the procedure of CBR Test.
Differentiate between compaction and consolidation of soil.
Explain various methods of field compaction.

iAW

Explain concept of earth pressure and its types with sketch.
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gfe 5. Trge auraoft Sfor ardt grar
(Site Investigation and Bearing Capacity of Soil)

fawg oot (Course Outcome)
fecTean A=A TRt S 3MRAT & (AT HRuara! Hafid AT quroft & grt &

Rrezia fRraror af¥ o (Theory Learning Outcomes)
TLO 5.1: AT ¥R TelichT RIS Haifed S=awur o STl &,

TLO 5.2: Teciedn AN THamTe! Yeferd SeT A Ardre a3 &mar fAfdd &

TLO 5.3: feoiear TR AR d3iRT efar Mfd HRuaMEe! wite et aRgdhdl
JHTATIT B,

5.1 dIg< TUTAOT (SITE INVESTIGATION)

5.1.1 Hﬂﬁﬁ'ﬁﬁ HBH YT (Concept of Compaction):

T3e quol WUt SiUdm R JRURTRET AT Sl Sar gerifd Hifae oresd
(physical properties) Iopfaa onfor fozafdd sruarl ufdban. ﬂ-ﬂﬂ_tﬁ Ryt (ground
condition) G- HROUI 0T UMY Jfaem 10T SR A= fegngaandt smaxgs
ATl TaH #R0 d Heard 31Te. Aig ASc quiiul YUTT eid 3iesauard, Td dHt
HRUTTA STOT STUHTHRT JRET 0T FRRT YA HRuarg Aed o,

5.1.2 TTgC dUTHUT 30T H-TT5d TRIRRIFH! STIRAPT (Necessity of site

investigation and sub-soil exploration):

JIge qUIUi 3101 SU-HI 3-aWUl HIUTdTa] SUHTH Uhedrdia! i 3T fogmg
Ufthad T1HR Uedh 3MTed. I BT TaRIS 3ed d Y 3MTe:

1. mmw% (Understanding Soil Conditions):

o WS- gwam (Load-bearing Capacity): dI<c Wﬂ'ﬂ% AT ekt
3o RRAT MY HRugd #ed gld, o TSt dlS-a3M amdd! U
PRUGNTS! AT 38, AN UHR (Ial. BN, dia, Tedh) A
PHIGR fdhaT YeaHe FHTEHAT ST Xa-T fobdl &QW%WW

o U¥Sdicy UTdD! (Groundwater Levels): JU- TTATAT  S=aYUTd YTogr]
oo Wicid Jedich- Pl Sild, SaTHes Uil bR SHTIOT @R, SfielrdT g fdbar
Yool oot et 3R,

2. & JATIOT JRATHD 3RAST (Safety and Structural Integrity):
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o AcHHC JHHT I (Preventing Settlement Issues): AT gy gl 9
ddT, U UIPT 3Tg DI STHIH dae] Udhd, UMD ARG A RIS gl fdhar
$h 8IS Ubhd. dUuiige § YFAT HRuard Aed gid &t favga 1, 7% U1ds
fohdT SR AR ARIREHT HIVTATE] FHRAT TAIHR 3NSFeT ST,

o ITATHS MUY TS (Avoiding Structural Failures): AT avg qurgoft
q S JHIA R gIoarar UidT SRId), S SR SaH RITRAd fdhd
B IS Ahd. [a¥gd AT, T3 STHM fdhdl S 4R IRIRRST HIUTATs! THRT
AdDHR 3Gl SIdTd gl W SO quroiiagd .

3. @aﬁﬂaﬂﬁ&m (Cost Efficiency):

o 3PHTESS fSSATSH (Optimized Design): 3E® Wsc Sl ¥did A UM
SR et ur fesar sifcfad asreayom.

o P HHI HIU (Minimizing Risks): I qUIgelt SiYdhTd g Wﬁﬂm
3STUN IBFQUITT AGd FRd. S YHedradl axiH HelTedl govcl, T3l
fegire fdar fadid goarh wredr &4t gld.

4. fFrguish SI¥=UdT (Compliance with Regulations):

o JRFEIceT AT GodT doalt oild © gHTd HRUINIT! 4T fafed dre 3Mfir
fagimed grge qurgolt Sfor ATl UREOr RIS 3. § UKldd SiYUdbH
RIH® ARG HC S TafaRoig Fodid urad @xd & A6l ardl @El
BV Hed DR,

5. UGiauig gedidl sNesd (Identifying Environmental Factors):

o W3¢ dUNIUYT HIUde! UTIGRUNY eids S 1 UguuT, fawRT Ard, fdar surere
b (3T, YhUd fopdradtt, R &) i dRdld. § I [SEaR YUTd <1
Yhd fhar Adl RREERU fhar g9 IUMNRSA dafadbda R
ARG dl B3, .

. T &g Sfor yp R frasul (Foundation Design and Type Selection):

o Ui Fshuige Tafd 9w UMl YHR 3RauarTdt Hed 8id (341, IUS,
Gid, ursd Ui, & gREd Hd 1 o drarear IRIRUGRT o saRd=r s
JTaGSH AR TR 3G,

7. HIgC a9 ATOT ST fAae= (Site Access and Construction Planning):

o JU-ATG S-dVUMHeS Fa¥l fbar Iqg =i ddfd o ¢uidd I9e 813 Wahdld,
T B SDHID YR O 3faole TAAHU 3SYUes] U] [bdTd [dhdl Figdhd fdhdl
FIYDHTH AT THYT TS TR AT Syl 8.

8. zﬂﬁmﬁﬁ-—rmw (Long-term Durability):

(=)}
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o TId AR SeE (O B Siear fewau) fhar ibe-uT Graee) § IR
B DI FYBH FIAE 0T A aRfRYdar e dosd s
<@YTEN fdhdT BT T Bl T+ & b,
5.1.3 QYU UHR (Types of exploration):

gIge dUIUIHE, ATd! 10T ITAT =T IRMRUAIEEd I Sl Ml HRug™id! fafdy
3{-AHUT TATET ATIR Sl ST, SOIh e JRI&Id ST GHTe STdmTd GHd Bisd. § 3auu
Yo oY $I ATl o, YSTd UTdat, HTdtd! dieg, O YR 98+ &Hdl Jedih HRudrd
Hod PA|, o Wl AT S8 HRuael 3fdd Aew SRIdd. \rdl Ise

JUrUitHE I aTURedT STV 390 bRt ard) faeht o,
1 @?‘Eﬁﬁ%ﬁ‘l‘T (Borehole Drilling):

Figure 5.1 IRgId fofai

(@FT: civilhex.com)
qui: Wgear fafqy fe@mmolt Ardie T MaT HRuae! aReid (@g) SHHA
Wied SITdTd. 1 TgaHeyA fafay Texsd A 99+ fHesact Sidrd.
Sfey: A wRi, Yoia uRiRud 3nfor Irfiear quremises du=iidar mifgdt
PISEXUN
USd: A1 TR HRugrTa! SfeiT Riren araR et Sirdl 31for 7 MesT el
SITdTd. IREIRTH TexTs ST TR YhedredT HTHRIAR T YHRIER TG
3.
qf¥umy: A Nhee U giard Sfor Arci=an oremit quraolt &xdr ad, S
D1 MR Y, T=dT SATOT Il
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2 AUl WS (Test Pits):

o U AR FMas® fomult H Wiasd Sca-+ (Tg fdaT trenches) dal
ST,

o JfEP: Ordd de A& BT 10T gRURTIER fdval AT UMy ATt
CUIERUERU

o UZd: Ul H-g3(d fdhar aifies I+ Pl STdl.

o TRUMY: HH WA qUIUTS! SUTRT ST ATciie T4+ fAaquaret o
AT G 1O YHRIAR fa=eifdd Il S QeheTd.

3 &I Ud Ir=oft (CPT- Cone Penetration Test):

-
& | ©10 5 | o = /\f_\Cab!eloCompuler

Contiemous -
B Vovdrastic Posh
seriinise Cone Penetration Test (CPT)
per ASTM D 5778 procedures

(—
T T
B 5t g';l-i_zn T T
- i—-“" oo s mm T ? U_= Porewatler pressure
= < — :-‘), a = Net Area Ratio
% + 1+ 4 a Corrected Tig
Figure 5.2 @I UdT €Ul (CPT)

(\Eﬁ?[: www.sciencedirect.com)

o U U DI HRMET UHCIHICR ATTHS GHeal S, Siofde- HTceal
TR UfdhR HioTdl A5,

o 3fEP: AN dIdha, TRHH (stratigraphy), 30T fafae TERISER AT WRid
UHR FAfgd Hro.

o UGd: B AHRIAT [CUd ATHE gh el SId, 30T IR A=Al TaRTHI3!
ufdeR (feu ufdsr) 3nfor avur (A1ss ufder) Aeard.

o URUMY: OG- INTU[BIOR Hdd, IRAMAH-T9g ScT flasad Sidl, Sl YR 98+
&1 SO ATl drehg Gedichl HRUATd Had dh Kb,
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4 HMFS YA Iron (SPT- Standard Penetration Test):

Stendard Penetration Test (SPT)

Per ASTM D 1586
Crown sheave(s) t
“petoeh) Ty Eachaney oGO
l H ==
Typically 1 inch &
manda rope —
MNote: Occam lomat
Fowrth frcromant Uved
:'u-.um
2 .
)
Y 7 t
Winch fll Y(i?
bo
(A 510
3
L) S— murmber of Diows 10 dive
s £2 srpier Lot 300 F1en (or
3‘5 i i — Bhowrs pex o).
] ‘ﬂlndl Third tncsrernent
Figure 5.3 AT Jd=T AU (SPT)

@H: quantity-takeoff.com)
quie: T A YHeR §HARET dTUR de-] HIGIHE ghadT Sidl, AT Tamama!
ARTUN=T YTl TRT Aicdett ST,
SfEw: AT g=d1 30T ATdhe et dHRUl, BId: iU Aol

Ugd: YR ATaHS SHATIETS ANTONIT Yaaard ST Aigaal Sird, 1o
2 "N-eu" BUH 3iaEd S,

UFROT: N-JedTe aoR AT g=dT IO YR a8+ &HdT 3aTS HRUGMTS! ol
Sl g faRIva: ares 3o Tetara Iugdd 3Te.

5 ﬁglﬁﬁ?ﬁﬁﬁi‘{ﬂ (Seismic Refraction):
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Seismic Refraction Method

Energy Source Detectors

AL
_}\».\,..,,77,

= S = -
0 2 \{‘\"
N Unsaturated
{ Soil
/ V1 = 1.000\p=
L — —— = S = quﬂ

Water Saturated
Solls

Lable

S—— =

V3 - 15,000 fp=

Figure 5.4 TIH® Ribha—H Ugd

& www.accessengineeringlibrary.com)

quIF: B el YHHS Ursfdedn Sdrd SargR ATl 10 TSdhil wRidl
DT TIR Dl Sdl, AT HRM YHR T HRaTd ATaR TR

IE: A= TR TexTs Mfd SO 301 Hatur Wed fdval MY (cavities)
3 d YL,

UGd: S A1eT BIC aTol fdhal gHR AU (AT dhedT STTdTd, ST fSsfwH
IS AT ATAHAT T SITd SRIAHT e HISHIY BT,

UfRoIme: YERTd A IReaT THRI R BRI Had HRd 0T AT
o N N
HSHUUNAIT ded NBWUIT Hed Hd, o U fEeme-ard! aewar 3.

6 'J-L‘J-ﬁﬁﬁ? T defor (Geophysical Surveys):
o quiF: fafgy SraTed daf AR YERTd R 31 HRUANITST Hal SiTd],
TS YHIAT HIUIATE! T = Bl Jurgult et .

o IfEw: Arcfi=an uremer FHTRI TUR HRO1 30T YERTT et (@1 & e fhar
Wiee Als~) TN,

o TUgZdh: I figgd UfAPR, UES-UAiAT Y8R (GPR), Jadid Taeul, ffor
TSATHYUT TA&Ul ARIRAT AT THGRT TR,

o ufvomy: fafay ardi=ar yeRi, grogre gaTorE, ol JUTe eids (I B Yold
Yy T d quRiieidR ST UaH ..

7 W AIS Aot (Plate Load Test):
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Figure 5.5 Wic I8 AUl Ugd

@T‘[: www.|lceted.com)

o QU: T A0l Y Th HAR W SHIMAR dach old 30T TR AlS ol
Td, TP dls dleldr gad (settlement) AISTel SITdTd,

o 3fEP: AN aRaAfd® R T8 & 30 axid aa- Hietor,

o UZd: THh WA Wic UATad UrT TexI56R $aci oild 31101 §Bges dls dhall i,
TR SIUMAT JITe HISTHIY ol Sl

o URUMH: fARY Arge 3fir Mo AT YR g8 &mdT e fHesadn dq.
8 m’lﬂﬁaﬁuﬁ (Pressure meter Test):
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==

| Borehole

|

Test hole
Probe

™" and cavity

¥ Llludlu section

I S

| R

Z\
1 )
Uo

'S
Test con trol
Control cable/bose
Rods

Data logger

se of probe

Figure 5.6 GaTd HIcR ITE0ll Ugd

('\‘;ﬁﬁz www.lceted.com)

quIF: U IE0l AW T Uid dReared Faid qaarare fawdried da

ST, SATgR AT fagpdta Jiedd o S,

fafqe gaTa Urdeior fagdt Aised .

ey AT ardwe 3T fagddr quiemfar srauara.
USd: Nd IRgIaqe a1 Srdl, S0 SRURAT Hdiar gaTd o] dal Sl

URUIMH: AT HSHUUN 30T didhdiegd
e Ardl S &1 RIS UHTTS.

9 @ X A=t (Vane Shear Test):

duRfidar ST UeM &idl, faxva:
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C Rotation
|/

Torque

N
Idealized
> 3 I fatilure cylinder

o R || T
SYSTEM
;‘—'_g r”“"“”‘"\\\HI II ' ]
g [ ) % Roution /
1—F 1
§ "/ Shear
i . — N stress
J; :1, " " Wy
[ | |

Figure 5.7 % JITTR IUHRI

e www.civil-engineering-calculators.com)

qui: T Il SArgR e Al (QURUY RBumrd) =1 MR ded
TISEY &l 1, Sd g T o (UERREl 3UHR0N) uig- o fhraH

UfdpR HISTa SiTa.
Ifew: 9 7 gegw fasumrdi=an A IR dredie Jedidhd HRul.
UGd: T oo (AR U9 3RTecl SUSHRUN HHeY 9Tefd oird, 10T o hrauararat

ANTUIRT €l TISTa SiTdl, SATgR R dIhe draal S,

uf¥urs: grar fegms-ardt O Ardier dislaed Heanr! Afgd g S,

10 IS ﬂﬁtﬁﬂ Y8R (GPR - Ground Penetrating Radar):
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Data L Control | Data
Storage Unit Display
Transmitter Receiver
Antenna Antenna

Arrival Ground Surface

Soil

Figure 5.8 T3S U YSR (GPR)

@T‘[: www.researchgate.net)

%wm&%mﬁmwmwwww

3T A WaAdd dad MY, MY MY, S uey, W, fdar uroft
UGd: YSR el SIH-id Uredd! SITdrd, ST Riafad e Aigd YT TR
o TR o 9.

uRRomE: Yird fRUdd 96 TR #RUAd Had dRd, SUEE A
RGBT 9Gd Szl &m@ﬁaﬁ@m‘zﬁﬂﬁﬁwﬁg 3Te.

5.1.4 ATl @ ST TR IeT=ar VI 3107 Gt g Hvar AW (Criteria for

deciding the location and number of test pits and bores):

HICTAT TUIUT G ATt T T IREIeEd R ST Tt e YionTd Ridiega
3gH AT fayrag SeT Mauadl dewre 3ie. i I S0 W= 3RauINS]
fafay gewian foaR ol ST, ST Wieild dTeli<n JH1aL 3M7e:

1. W'ﬁﬁu?ﬁ (Nature of the Project):
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o FIYDBMET UHR: T, T61d IARCIS! qurgull 3ife quRiidar T
3d, T e b edi= gaid.
o JUNU IEIY: g Ul By fegs-rdl, Yorar e, fdbar ymfae
NI b IATT 3178 h1 .
2. 4IgcC 3P 3foT Fe3e (Site Size and Layout):
o qUROT FHRIGATE &F: HiddT ASCHATS! ¥ & HUIRIS! 3Hfd el R
o YU UHIRY: SR UEC UHARW! 3{d, R S Iraofl M gRRT 3R
ehard. fafdy UsR=a YgseR uiRd argcaandl sifde areoft @g sfor
IREIRT HTTRID ST,
o JISHI Hadl AR Peflic: Jraul W Hewaral WRa-Td® gehial (BI3s T,
Ref afcd 3.) Side 31fOT SR Hewdran Urnyd Jfau=ar SRUN dd UTfgold.
. ?{&ITI?I fafqerar (Subsurface Variability):
o T W SR Al T-T f=dl g Rl e, @R oy fafay
YR ATt 3HTeed Abdrd =T [3H1uft sifafved Tl wiH wrdia.
o WHH: SR fafay W Far, e, a1), Wem) fafay Widid sufém srydia,
R Al Wg/AREIeEd Sfar SO Wieh TR DRl aRID TG
o U Yoiat Y Yot fdvar urofiean Cacadt fRucdt quruarmd! wgean wd
YNGR ATauR Sa=ad e,
4. ‘JfTﬁﬁ? STARY D dl (Geotechnical Requirements):
o WSSl UHR: BIES¥Al USR (IYs, Wid fdhal =W gmm Ardi=
JUIUITAT SHTa=e 3rciedT quiteid! uraat fAf3d ord
o YR T8 &UdT: U YR a8+ &Hd1 3xavarre!, fafdy Wil Ardi=n dreg
i HRUINIST 3-db Aol Wy fohdl SREIH SHTaTDh 3R hald.
o Tl TUIH: A TUIUH ;. O, THIAAT [l HIaRull Uekil IR
TUremTe oo HRugre! fafay fogas s TH- 9ot 3avgd 3Ry X
. gawr 3Mrfor & (Access and Safety):
o TARENAT: Aol W O IREIeEd R Hds dxaim =it f3w10 Hasrdid
ST IUHRO YA YA B halal.
o Re& Fm: @18l 310, gfeferdlsl, surdl fhar SR ddere uRiRidge
AU YU 3Hfdd HATUN SR b,
. 9uic arrfbraérzﬂmﬁr (Budget and Time Constraints):
o Td fqOR: ifI% qumoht 3ifdw SeT UaM oxd, TR o Tda! dIadd. Tl
SolcIIR ArEauad! WReAT qaifad S Wb,

w

v

(=)}
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o dodl HAMGT: SIfed UdhediHed Uh U qUIUNIa! 3 des STaad 3R],

STes AU TReAT IO STl GHIfdd B3> Q.
7. 3OS ArUE TSR (Type of Testing Required):

o flhoe ArIUAr SR flhcs TrAUTT TARAHT 3R (S HI SPT, CPT, fdhdl Vane
Shear dTEUYN), TR A=l URRRUda fafdyder devarndl e Aol
YT Sa=gehdT 4.

o TRANTRICSAIS AUl 3ifde el @g fdhar IRSIA SHfdied A TaRTRIeSdId
fazciyumaTdt UaM Hdd (341, ArdiEl e, DUl HHR 3., o IR gRomy
e quamTaT SaRae® 3G,

8. fram® snfor a_&i Smaxaddar (Regulatory and Standards Requirements):

o [YH® ANicR® d: WiIHG WRERU fhal diyd™ AHbidhg ARy
ISR AT 3 Yhdld St Argewdl 3t fhal Uhed USRMAT MUYR HIAH
3 A3ReId fhar drell Wgai! feam e sradrd.

o TF: BIgl AP fohal SARRIPIY A (IaI, ASTM, BS 5930) Tr=uft feeprori
T= o faaRur AnfeRM UeM & WHd, § Uhdrl SHR ST

SfCAdTaR 3R,
. gﬂﬁTW Scl (Previous Site Data):

o UfdeTiie wifgd): SR Sdoa IRedR fdhdl I Wgcdr Jdl quriudr ded]
3dd, TR UfAgTRie Ser arault R 10T TReAT 3RIUaNIT! Agd H el
o rge 3fde™: IEcdl Ju| (3al. givduun, Anfld qige™ SouRn difgd
3, sfaRed arault fdhar fafRiy arl M sraxgs 3~y AdHard..
10.'1{‘1'%37 T vgiavvig fauR (Geological and Environmental

Considerations):

o YU idh: YdhUlgesedl Afbd URTd, HTdigdioxul fhar SR ybul
Rl SRgHd Jedidhd dRuamrel 3 quRiiaar Aral qurqoft =t
3G eh T 31 Tehd.

o TufaRuiiy fRian: Y vafaRoiy IHw 3Ry WS (e, SRR &7, e VD,
fobar gfta Ardh, 7Y ORIy aruar Sfor S el RFERE Saadhdr 9,

~\

Rhd U YT WR Gedih Bl Sl Jdvdl.

5.1.4 AT fibes SMASfefhdb=IA (Field identification of soil):

flhee MISiefharRM UM A UhR T TRATHS T RIS UIediaR Sema
iUl ST GFIRUT BRI, o TRNTRIGS I ATaudiiRard bo SId. § URIYS qurioal
HG AT YD i, Siuds™ aaaide T Yad armet U Sidg ST
Hedrel Ugd 3 ehd. fiheg e fcfih I AIYRU: Teild MbSiaR MU 3
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1. S ﬁﬂ 5 (Dry Strength Test):
T ¥y ¥l ufehar:

THAT & HRI! JIET T deH THAT 1. AT Hg3am AeRIRE fbar
g1 T ST, & GRIRG 1 B @) Asid At TR 3.

AT ATPR AT: U ST fhdl TaR FeHigR TGN T BICT Mool
fohan TMdTa =0 AT U B,

ST GUTHUN HRT: Thal SMHR YdcdHaR, e diei-1 fdhar ST are
(3al. 3TST fdhal dgM H1d) dUsH Hrdiak gald dF BRI g HIArAm
foRgevaTe fdhar drevare ufdeRR Tl 93q.

ufaferar geaie o

o T YEWUUl PHIFsd: SR HIcl HH! gId el bl HHldewHl e faued
el TR & Jfad HRd DI ANl M fhal ardep ™y Mes 317, A7 Araided Hat
THRY 3Tg 3T HRS AR d gl e,

o TN PR ALY AT dddl: SR ATd! UHHATUUl IiTell dat 3id 0Rg
dRIgl BIe! kA Al TS Whd R il T T I fah oAt fdbar
IR UTATd! Mes 3/ d. AT ATdid Ple! YHIUNG THeudl 3lg URg oIt
TEUH aifigrd HRUl I TG,

o Tl GoIgd 30T Tafe Jgd: SR At skid des g Mgd fdvar WU sear
SIETaRd Jed, TR ol YYRUIG: freurdTdt 3Ry Aebd. FRIGuHETdl Ardiae hiRet

AT Aogd 3o 3Rl RO ATaid Y&H HU Thd ST
M.

fAeTa are:
o fRIFHUHTR (Clay): ®RS IR RIGUMEET Akl 3= I yefiia ovd

30T SRAMEGT IS0 HATU 3. d HISdl, JUlE Jhedidd hh H& Jbhdld
0¥ d IgoIUUl SIjad ATeld. & [ U=l Huigdid o Jdes 3Te.

PRSI aThe Afrsed: Togg ST HEYUl drdhe = aToRal gl HAIL,

Rree (silt): Rieecy IH=Id: $H HRS IHE SR, PR A o
goIUl gedid, SRArdal dRIp HUT [dhdl TTasHe dHIgadia.
PIRS! dThg ARMCET: AR, HH! AEH el e,

a1 ATdt (Sandy Soil): ATIHHT AT, faRva: Mes e, sATd Bt
DHIRS A A AT gl SIS AT HIesd. qUTU, SR AT
I3l 3= AT 3 (AR FRIBUHT TN ATHE T HAd ekiidl U
Y Tl 3T FREAId fhar I area.
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o ﬁmaﬁm-qqrﬂﬁ s YRW Fgoluul IRT Ted R TSasid

) TﬂE’/GI'ITIﬁT:I'TH'R'ﬁ(Peat/Orgamc Soils): IT AT ALIH HIRS IrHA 3 Thd,
WY d 7S, a1 WelgR Ed Sy M, Wﬁ@ﬁﬁnﬁﬁ&nmmﬂ
e AT SRATIGT T3> IO YD AT ST,

o PRSI dPHq dAfRUted: A% IR sfEded ofd, W THRIG: IS
HICUET 73> SHTIOT BT TehfaAd.
2. mﬁﬁﬂﬁuﬂmelitency Test):

fqce=dt arault gt Ardien Id-d gedidh- U3 aruRal! SUR! T gd bics
X 3Te, faviva: Rieey ofiftT oo IREAT TRIB-QMICR A UHR Mo Jfree
Mesuarael. g foRiva: A urvgeE e ufadere onfor umht sifiara
AT HTAROTT R a1 UldehR HRUATT & HISTd.

yferar:
o THAT HHEH: HKiY ATed AT 8T Uad S,

o ATVt Fe3HT: AT T BT dBIdIaR Sadl ST,
o TTUf} SISO A Urs uroft (@1l A) ered Sid 311707 o gTdH figed §Td.

o Tdaeur: Ul SieeaaR At §3aRYU fUsse SiTd. T fFARierr § 3ig & ATt
fageT=ia o= a=ifaa &t A,

o Tl Sog R ST 3ipa B SFGuN fasaRiexul gid. 3 Tgdl
e gad fohdl SRI® ATl g2idd, S Sgdadbal TesTd JHIUT 31¥d. § aRiad
DI ATNAE FEH HUT AT AT STl Sie @] TGITaR df BT,

YTST:

o fd@TEe qad+: AT favaR € Megad ("alaedrar Al "38d" fdhar "fawara)
fhar wefiemdt meged A<t 0id gxfaa.

. m?ﬁmaﬁ%ﬁamnﬁ%%ﬁ%%wm
3} R,

AT RIS

o YV AT4: fiare=t graoh
o JEIT: WS SATd Tag Glegy dad Hioul
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o UBR: TS HUI sgaal Aral (Riedh)
o IUYUNT: HUGT A Hedich 30T e R dsare ad-rd JedidhH
B0,
3. THAH ¢ (Toughness Test):

JEIT:

THAY X A Wikt fdhdlr Erdi et HRUGRITST ariRe S,

faRivd: FoGUmIRET ged S0 Saedl AL § Al e

cararard! fodr R fewga Sauareh &fdr SXUAITST Had .

yferar:

. Teh {IQATaT G =1 SATOT f MesT Rl

o S SICiAT HadH A8 Yrard (AR 3 ot s fthan.

o AT 8% BIVITURLT IGUITTS! el Ga1d SHTaRTH 3118 o gl

o fdhal s = HaT YN ool DI [SIBE TS bdl ATaR HSRYUN G
Il

TSI

o I THAN: Wl AiE UM FUARA B Udhd, U el Al § S=-
R RS fereuraTd! ferd Hd.

o HHI THAM: AT BB fhdl gl 5 BId, O HHI-WRkefdbe! RIBUMHETI
fhal R UHRY IRIG-GUIGR A GRITdd.

o JEIV: Bl AIUN AT WIRCRIC! SSq9dT IS UaTd Had HRd, S ST
M fo=ar aodqre Sfor df Urof YROT Hd BT THGA A JHS YUaRITet
e 3T,

ATl RIS

o AU ATG: THAY FrAUR

o JEIV: U T WIRCIICT TIOT BRI HIoTor

o UPR: Y& HUN cied] ATl (i urdTa)

o IUUNT: Fmumrdi=l WifeRid siizwu, siysm ofor At JiffeRond
SRRCRE

4. Wi @d 3@3’\‘1 (FSI- Determination of free swell index) HiTuft:

IEIT: ! WA S (FSI) BT U HewWdl Soi 3Tg SNl fadR&H Ardi=al goi-
& (swelling potential) o Hedidh= HRUIMTS! dTURe SITdl, fa=RIvd: e urardimat.
fowarem At e feumrd ¢l wed W) SiUsTHId Hewarn e fAafor
B ehdld HRUT T YTUT YU dodl faEdR drdld 0T HRST IVATaR Hepferd

Maharashtra State Board of Technical Education 108



Geotechnical Engineering fSrenefdaa sfortafi (314315)

BIdTd. FS| Araull T el &= Aol 3iig St gRidd &1 AT aTof ddedreR fad! gord,
S fae sfeeR uRfRUT adTeed Hewaqu! ga-iar erdr 9.

5.2 SN HURTE (Bearing Capacity):

5.2.1 93T HURIE Tt AT (Definition of bearing capacity):

AR &@aT B SUTRN F BT AR AR el YR YR SUgra! ATt fdsar
GShT! &l 8. 3 Ufd i &3 SRdld SIRd gaTd fdhdl dig 3ile of Ardl i are,
PHIARU! U] fbal DS NRIGE FRIGTUU 93 Wb, Rifgd siftEifeoms gard), gda
IO [l JRARBAT IS AP JDHR 301 U (AT HRogrardl e e

HETyul e,
5.2.2 3ffeee NI HURIET (Ultimate Bearing Capacity):

Sffeete ST HURIE Ut ATc=ar & YEUNTGR dldaed] Skid S gTd fdhd1 9IS 3T,
S T URITYd e, S 1 MR BhegsR fhdl siafdds qaRuaran el ¥+ & Wb
? U% Hafal <Rifad, JY AT dacien dle U8 SRUAN el A9 ST arge rnyd
AT Sl fhar SRR 33 Idhd. & fhad urayd Jfad=ar fegsamdl sraid
el 38, HRU AR A B adel dls Hidl=dl dibdlg kd 8I0R el &
THTH Teg 3R CTBUIRITS! SaRad 311G

5.2.3 RI&d ST HURIET SMTOT SHT 9 (Safe Bearing Capacity 3fTf0T Allowable

Bearing Pressure):
ﬁ?‘f&fﬂ ST HURIET (Safe bearing capacity):

AP ST & WU 3T, Yeadce fhal SaR WaeRd JHWET bl = °dl Jldlar dr],
Holed] SRl oIk GaTd fdhdT dredT Way 3ifg. O] dhaedl die fdiid Al fRR I8 §
AT HruarITdt AR i d3ifAT eaar JRIEAT gce AN d3e- ATl 0T det

YA (Formula):

HHTC:, TRET UCh R ST 3 SR S,
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SIJHd 3TYR <Id (Allowable Bearing Pressure):

A SR URR BT SRdld SR Ga1d 3178 o BISsxeal fege-He Ardiar IRI&dqol
AR bl SIS Rbdl. § T YRIET ST &HaaRdd 3 01 3fdfde Jeadc fdar
W&M% U1 S8 SRS § Tl 318 B SR Uchivg 3ifcrd S31R &

. ﬁ?ﬂqﬁﬁam%gﬁ@amﬁﬁaﬁgnﬁmmmﬂﬂamﬁww
WS .

o WRUAT UHR: fdfdy USR=AT SHRGN fhar uramyd giaen fafdy gRam urden
TS B Yaheld.

o TR Turer: SR @) TR, Tvu, Mear Al 3.

U YR 3§ § YT Hd @1 A1 AN Faed agad I fRuda R
W%ﬂ%ﬁ ST I AT gad ST SradbTe BRAVGRHRIRGAT gedhid]

5.2.4 ¥ faxevomar uf=a snfor =i (Introduction to Terzaghi's
g

analysis and its assumptions) :

R fowdwor § Yad SMEiBemd 3ue Ul ([ BISs¥H) =1 YR &l
(bearing capacity) I TTOMT HROITS! ATURCTA JAHT Tal! 3], Hel CRGINN Fi-t 20 T
AHTAT URHTT [dBRIT doad | faewor Andi=an quied, g/ eR, U, 17 @ielt
IRIRST gehiaR YR ATl 3ifdd YR &HdT (ultimate bearing capacity) fAfgd
BRI Ueh TG Ahe UG Hd.

g fazawurme jfgdae:
i faeivund Ueh A= 3 9T0Rd SiTd, Sf 19 e gedhidn faaR axd:

o T T WIR YKt (Shear Strength of the Soil):
o MY AT I (cohesion) STIOT TN (friction) TT OTLHTAT THIART
3. § g AR UfdeRe &ddT grigdid, S T de 98 HRuarl
&l THIfdd HRdrd.

o U] AT (Foundation Dimensions):
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o MY URI ATHR, HHRME! T AT Ul fdbdl T (depth) 3MTe Tt
AT BIdI. Ui [TdeeT HiaT 30T \@id 3d, fddeT Il YR & dT dred

o TS YBHR IO UrT I (Type of Loading and Foundation Geometry):

o TSN UPBR (R, Tf=ie) 30T Uran [T (Urr=Al HRUATd Wy 3101 dls
fRT) AT &HaT SHTTOT AREaR HEw YUl THTd I,

curdtean Rgiamdie sifcm g & (g_u) It gayd I3

qu=cNc+qNq+0.5y BNy
for:

qu = 3ifdH ITE® &FdT (QIaTeal ¥ UTd, YHd: kN/m? fdhar psf &)
¢ = AT S8 (kN/m? fdhdT psf )

Nc = SISTTa! aTgd &HdT T[0T (

q = S Wit (@Hiex fdhar pea)

Ng = SIS a8 &HdT Ul (STATHRIgd)

v = AT T goi (kN/m? fdhar 1b/ft® Hel)

B = ARl FI (Hiex fdhar peren)

Ny = SR ¢l 91dt argdh &l ol (SATHRfga)

T fazavordia Jeia et

T Rygiam afkamr RuRor exoarear T QT SRS ®lal Jeid eRumdt
Pl Bl 3Te:

o JHAW AT A UHYY ™ Jied U O, WU BISSIAT fild
Wrelid THaHM TureH 3.

o IYS URATYH HIT: IR0 IHRI: IYD TR WA (S B Bic™
fhar wie Lblds-llr%i) 3Te, Wﬁfﬁﬂﬂﬁ&ﬁﬂﬂﬁww@aﬂﬁ
(T YT ARe-T ST 3 .

o HAW SHH: YSYTT JHAA T Sl Worerd fad divide! IaR fdhar Sitdid
IEEGIEIG)

. %Vﬁoﬁkumﬂgrwm YT AT HAR AT ofTd SIO7 ot e Sfaia g

o fRR dis: AN dad dre R AF ST (eRid fdhdT sgad /e Agid).

o YUY B AT WUTAPHdT: AT TR0 A AT THAHR (c) HTOT Tefur
DI (¢) TR MR 31Tg, I A AraviurRg Fuikd wa .

o I gTAATd G Id HATeT: fa=eyor AFd &1 ATt URTyd SR WiRed
=T WRUId fAthaaar MR S1d, Sa1ges "fawedl gg” (341, Ardidid RN
BeR) TIR B,
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urof} 29 glféa HRo: e gayd Rigid sRamEel o TEid (Rd &
UIodTd RO URTAT 3fiTe} WMl 3Te, SRI "R RiGidme dad dedH Tl
UM SRR &AdeR [daR oal S,

5.2.5 ATelleie [qUTSid UHR (Types of failures in soil):

Arcitdie foers avaTear YR giRfR, ﬁmwwmwmm

ehdld. A [qarei™ FHR YR JIaydTol 3gd

ﬁ;

(a) GENERAL SHEAR FAILURE

(c) PUNCHING SHEAR FAILURE S

Figure 5.9 ATdIdld [qeTSid UHR

@H: rashmibade.wordpress.com)
1. 9 fogrs (General Failure):
quIH: 1 U Hisdl YA fTeTs 318 Sit dagT Sw&ad Siegl Tqul AT asgd=
AN o] URTE UdPR &H& Whd ATal, e aeofiy fowimoe fdhar fagd
BId. I T4 AT U1 [T918 JEHRTGREH gad fdhdl TR
o afrsed:
AT AYUl TRGA TRl fhdl TRbd!, s Wi HIaR0! f9urs giar o
U1 faT SRR URUMH 6 el
o Bl faUre gRUNT IERIG: Th faxqd 9 fhar IR SRIddl Hdd dOR
&l
o JGIEIUN: YIITH, A3dT YHTUNG IR SHRURAT fhar desdid @e faers.
2. Wi+ fours (Local Failure):
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o TUF: I UHRT VOIS AT RGHFA AgH, RIS &31d 8Id. § ATHRIE:
degl gd Sicgl Al fafRiy f3H1ult YR g+ e Yahd ATal, SUTHes a8 FHIUMd
o df3reen:
o fourem wifRe &7, S8 @ urr g fdsar wWyiviad), fSY ardt terr R
TG H Qb g1,
o IHIT: YR DM, BRI ATcirat TR fdhar R 3ol SRd YR

AL B
o JGIEIU: WIS ATt SHSITUUNHS fhal UIRITelld QR YR &HdT ared
g R fdbal gepul.
3. dfdw iR fﬁgm Punchmg Shear Failure):
o qUM: T Bhey3R dagl 8Id ST U YRS AT fdhal S3if¥T daveed wife
fauTe gial. aHed SiRd 3T YR, fa=iva: g™ urn fdbar T YR @it
o af3reed:

o Heg3R YYYN JHIq: difetr=n fdguiad! U deM, MareR fdhar g
THRTA DR T,

o TRRAT MR B3R U, &I HW fdhal wWie-3H-ude uRfdiae
wma@mw&mwmmmm
Wwﬁwwﬁrm Wﬁwmﬁﬂaﬁ

. B‘c.’l%TUT A W SISt fhal AOEdaROMs WU Florard UfdT

MRAYT 7S, ATl BT Wid.

5.2.6 UTUATAT UTda3 T SITRHIAT HIR g9 HRUATAT &HddR URUITH (Effect of water

table on bearing capacity):

SAdH HTa=AT YR g HRuaredl &HqdR efufia aRumd Rl ok drdid! IRagR

AGAed] HURIHAT 39g fdhar SRd RRTARE™ ¥gd HRUArE! &HdT. AHS gToar!

SRy foe drehe SftT Hemuu UINHiHE Sad HRd S0 IS A HR 98-

HRUGFAT e GRUMH HRd. Yol UTdes! Al YR 98- HRuard] &HdaY &l

gRUMH &3d d 3 3Te;

1. BIESSYT WIelld UTvgredT UTaa =T UiRumy (@ie UTvdarel Uraest) (Effect of
water table below the foundation-deep water table):

o HRS! HTAL: GG UMW Uiaed! Wid 34, degl B Hiadrd! ATl g

30T DHIRST AR, TT YHRUN, HIcid HUT YRR SRIT HTIOT ¢ROT & I+

o HIUAIE! HETWYUl URUMH A SR Uvar! uraa! IRt Wid SR (Y
UTASBIUET U WTell), TR YRUT &R T URUMH {70 3 e,
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2. ST qgUITaR fhar Sae utvareaT graadian ko (Effect of water
table at or near the ground surface):

o T JYFIAT: Sicg] UTUATE ¢qd SIA-e gEURTER fdval S/aes 3RId degl ATl
I BId. YUl qIUrdung S FTS @il HUihed gard) RS
AT BTaROl A B gid, ST AT & HHT gl

o THFUAd HUe: NPUHNNRE dRIPG Hdld, Uoaredl IURYdges JTHTE!
THRU (HUTAL By HH gid HRUN Baimeha groarr gd Huiaea
Y1 U HRl. s ATdia THUT HIARuATE! Jakdt ST gid, STl I GRumH
YRUT & daR B,

o glead f¥% q: ST UIAR Uides! SIRd 3id, degl o ale dled!, S
arcia’ld gyTd qror ot gidl. Arciel HIavuar! et FiEd Srogrdl gurdl
101 81 Ush gl Ucdh 3Te. UM, SR UIUgTH] UTdat UriTedl Uldedieldes digal
TR S YRUT & U B35 b,

3. 9e-3dR '&ﬁ'UH:CIT TUgTAT UTda3 1T giRomH (Effect of fluctuating water table):

o YRUl &HAd Fga: Sicgl VA Ulde! d6-3dR 8id dagl Al RN &l
HIATR dgeld. SRS UIogTE Uidest died S0 HHl gld dday Ardidid
A WA T YRUT &Hdd HAdbifcld dad 81 Jdbdld.

o UTHY URUTH: ST URTIT UTUaT=T UTdedid d&uitd gl Bieh Si4dl, &1 YR
UragTeTd (SiagT UTUaTd! UTdad] SRd 31d) URUT &HdT HH g1 Xrebd 31T
PRSI BId (ST UTUgT UTdes! HH! 3Rd) TIArd ghss Tahdl.

4. IYD YR BIRIPT aTe ST afkomy (Capillary rise and effect on shallow
foundations):

o TRy uRfRychid, BT fbdges urvaran e @R uroll arg dhd. g
HTdld, § UM Uldedieiaes 3ifaRed fs qara o o wdd, Samges A=
T Arafd Ue g3, A SO SR &l HHT B3 Xdhdl.

5. QAT YHRAT ATdIGR GT0gTAT UTdesidan ufiyomy (Effect of water table on
different types of soil):

o @M arelt: grrare Iridia SearTe! 7 Sifie JaeaRia Sied. ST
UIUgrd ¢dd 37dd degl d Al Ygia 813 Whd, A Udhdl HHl Hd 0T
TR I dlead. JZRES T HRSAT FAUET HH A0 AEE @
GRIfdara.

Maharashtra State Board of Technical Education 114



Geotechnical Engineering fSrenefdaa sfortafi (314315)

o qIgdl HIdl: dleal ATdl WHTIG: UT0gredl YqWidyes SanTeal dedid Hl
gUIfad B0 IR ST UTuaTe Urdedt gEHETSIas 37d Il dledl fog qrame
YRUT & °T 3JH .

6. UcAHCAR UHTT (Impact on settlement):

o 3T UM UM WA AWM Jeac aleq Xhd. SR A IJw 3-d &R
fadl Jpferddl dgd, S SRd ThABRUl 30 YRRATE! dedde 8ld. §
faRVd: 7S AR Sieciedn WRaaTd! Hedrd 3ie, S8 &1 b urdrd, ford groft
JodHc GRIER TN HTHRATTER TRUTH .

5.3 TUpIugrEl &Hdr fAfdd svugardl wice Ugdt (Field Methods For

Determination of Bearing Capacity):

5.3.1 93T &war FAfSa sYvgEdt wics Ul (Field methods for determination

of bearing capacity):

U XE-19T6 1 TETE S TaR Jicid! 4ROT &HdT HI3d HR0l a8, ATdid! YRUT &l
i HRUGNIS! 3 Bhics Ugdl 3fTed 3N We dre ¢ T T es UfHeeH ¢
(SPT) &1 & FHTId: dTuRed] SOl IrA0d] 3led. Qe IS: 1888 3107 1S: 2131 THR AT
I TrauT HTfOr it ufehdid quRiidaR TPIaRU fd 3ie.

1. Wic drs A/l (IS: 1888) (Plate load test):

Figure 5.10 wic dre araoft gt

(\Eﬁﬂz www.|ceted.com)

e dIS o 3l BTSSRI Udldd dTgear a3 &HdT 10T ATl Ycavc
R g HIUTTST ARt SUIR) Wicg <R 1R, IIUNHE U UTd3Ia]
ST WedR HR AR HRU AT IR Yeade HieTor THIfay 38,

IRt wfehar (IS: 2¢¢¢ TAR)
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o TURIN:
. 1 fomTolt S 31T & 3Taad 31Te T f[SHIul del! ST,
o UH HSH WId We (FHRI: 300 fHHT d wyo 7} TR aToRet S,
o Wic YT Wiellak 39cll STd, St Tg4T Url ST UTdBteR dadl Sisd
UTdesiar 3.

el SRT:
. @Em%ﬁﬁwaﬁ:ﬂwqgwmmwmww
. %%mmmmmmwmﬁmm

s fRrpeH:

o IS TWHCWI AEA! STd! T U ASTd], HeaHe Aoia i,

o TS AN HRUTMNTS SRISICIh Sich fohal deqd JAUM aTaRed! ST,

o S UcdHc TGNl dle dle¢ THIH 30T T8 3™mal (STHRG:

3iGTol YRIET SSRAT &A= 10% o 25% GRETH).

JdeaHe HIT:

o TcqHe 9 fhal A TN dTReT TcaHe HIWA old SUHY &edd
AT fHToN fHT 3 HISTHTY Yddll STdTd.

e TI® YR TR Yeade ey Jeade gisudd fbar @n] Haem HR

Ars-deade od :

o TN Al YR fa¥g Yeaded wic Hledl SIdl 0T dehde ST &l
IBIESEXISIG

o T fdgaR o AeaHcHe dig dTe axifad! (AR YRMR) O Sifad deifaT
&FT aRifa.

o fI=zqyor:
o ST HHA HRIGR HEAYUl YcaHe gid &l HRIGR JRISdad TG ¥cdh ar]
D SfcrH SR &FdT UTed et SiTd.
o 3T SHRAT &mar IR gehigR ifad S3ii e fqueH Hed
(FTHRIG: 2 3107 3 Se) FAfgd Felt &3, <rehd.

Wi @S I Brae:

o IS 3fd¥id AT da-Te Uc AU TS B,
o Wite GRIRUIT SR & 3HfUH 3w 3aS .
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H'CI'TET:

o Bl AU 4T3, 31O T 3Ts.
o WAl HDHR WU U 3 DU H Rdbd ATgl, [IRIVa: favy Ardid.

2. Wmﬂﬁ'uﬂ (Standard Penetration Test-SPT) (IS: 2131):

TEREIT SR AT didha ST g-al (i exuare! 8s UHeRM ¢xe (SPT) d
AT JATUTd aTiR bl Sidl. 0 g0R d1e+ Faflid SfavM el W dmer
TTdiid I g1 drau dell Sffd. Jerar fafRy sfarer arafduarrd! anmm=an
IRI TReAT Figaet S AT AT [ure T SiaTel YuarIa! aTaRa S, SarHed
YIRUT & ST JHTAY TS,

Stoendord Penetration Test (SPT)

b Per ASTM D 1586
Crown sheave(s) ¢
or pulleys(s) ¢ t ::::;:;o;::m
l Typically 1 inch di e
1/— maniarope =y
Rotating Fourth tncrament Lhed
cabesd, \ et
Doughnt \Q\\&ﬁ
hammer == B
o vl T 0|
guide pipe 2 | l
A ?‘ [ ] l_ P £
Drillrod — ; 3“‘_'; . ;g
gaa L
B = Borehoke 'oi j e ,‘i e B B number of blows to drive
e do|. € 3 Second Incrament warpler lawt 300 i (or
#l 1 G | e , e o
T tBinch s,
1
Figure 5.11 A YA Al (SPT)
e quantity-takeoff.com)
araoft wfesar (1s: 2131 THAR)
o TR FearT:
o U fEepTol SH3REIe fSfei #eiiv aTue sifazae wieiwdd sleRgId fga
B AU bl ST,

o Tdc THd YR IRSIGHE Iadal SiTd AIfOT § SIHHTT AuarTat gHTford
golT gTareT (63.5 fdhdl) aTuRar ST,
o TR ARUITA! BTarel o i Iftare Tisar ST,

o YR ATAION:
o TWRA Quo fHH=aT AT AdId el d ST
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o TR 300 fHHY MO TFAR=AT Quo ATt AT WA=l HRUGTST SHTa=T e
AT aRiEl AT Aigadl Sid. g guo e Udwr HRugmral
IS 3CIed] aRI ST &1 T AT 378, STl N-Hed UrdTd.

° N-WWW:
o N-J&¥ WUN THU yyo It Wieflar Vac=ar ueo MHiHe dmer
ATAIUITTST TP Scied] IR T,
o Tl W& UIdT, YT 30T didhg Iid Hobd UIRIST & N-Jed fafdy
FdiaR igde Sd.
o fI=qyor:
o T URU &HAT Helich-1 HRUGMS! N-Jed dIRd old, 3= N-JA
AT HED SHTIOT Holgd Al GRifadId.
o N-HU IO YRUT &HdT Fiedrdid Fgday Al YHRIGR Sdaiqd 3dl

o YRf&raar 3nfor YURUT gep:
o TR YR TId, SISREIA UMY 3101 TYHT Hugra fay GRS gehiaral N-
TTHE GYRUT dhedT ST,
o N-Tcd THIAY HRUMAT TG AT TR B 3ifdH YRUT & sfartord
bl SIS, Q.

Wﬂﬁ'&&ﬁﬂﬁvﬁ(swﬁrm:

o Wic dIe AU qa-id STde 3o fhmraarii.

o T WieUTw! &nﬁlqrﬁ&raﬂﬁmm%?ﬂmwﬁ

o YRUT &HAT 3iGTioid HRUATHIS! TIRId SATUH U ATaRe ST WhRd S,

o URUM eI dATdR, dIRde IUBI0 AT SR i URFRYAGR
A ST

@ﬁﬂ@?ﬂﬂ?‘@lﬁﬂ ¢ AIfgd! Ua™ &R a1, TUH JeaHe da-Td HedidH

o

PRUATTS Jaldl fa=eiyur Sia=de 3.
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Hgwar Uy

aﬁﬂlm%usr

I

State two types of soil exploration.

Enlist the methods of soil stabilization.

State necessity of soil investigation.

Define ultimate bearing capacity of soil.

Enlist any two the methods of soil stabilization.

invﬁun%uer

1.

Write the meaning of following,
a) Safe Bearing Capacity
b) Ultimate Bearing Capacity
Enlist the assumptions made in Terzaghi's analysis of soil failure due to poor
bearing capacity.
Write any four methods of improving bearing capacity of soil.
Explain the plate load test for determination of bearing capacity of soil.
State field identification test on soil and explain any one.

wgun%ruar

A

. Explain in brief the procedure of following field identification tests on soil i) ii)
Dilatancy test Toughness test.

State field identification test on soil and explain any one.

State and explain the methods of improving the bearing capacity of soil.

State necessity of site investigation and explain in brief the types of exploration.
State the effect of water table on bearing capacity of soil.
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